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PEEPACE. 



When the Paris Exhibition of 1881 first showed to the 
public the possibilities of electric lighting, it was assumed 
that in the course of a few months the electric light would 
be universally adopted. That assumption has proved to be 
unfounded, and the public have, speaking generally, gone 
into the opposite extreme, and declared that the electric 
light is a failure. 

In October, 1881, 1 wrote in the Quarterly Review, "The 
day will come when gaslight will be as obsolete as wooden 
torches, and when in every house the incandescent lamp 
will have replaced the gas-jet." 

In this, the darkest hour of electric lighting, when failure 
after failure has occurred, when company after company has 
become bankrupt, I unhesitatingly repeat this— I will not 
say opinion but — conviction, only adding to it my further 
conviction that the day of universal electric lighting is nob 
even in the near future, but in the immediate future. 

I reassert this conviction the more confidently because, 
having been myself one of those engaged in the study of 
electric lighting during the last three years of struggle and 
labour, I have seen not only the cause of past failures 
(failures already forgotten), but have further seen the steady 
growth of success, as invention after invention has stood the 
test, not only of experiment, but of months of careful trial. 

The only cause of delay which I will here allude to is the 
delay in the commencement of public works, which has been 
undoubtedly caused by the action of the Board of Trade. 

This delay, however much complained of by the public. 
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has been tliG salvation of electric lighting. If two years 
ago, as in the case of-somo American cities, our streets had 
been allowed to be opened for the purpose of laying electric- 
light wires by every speculatar or inventor who thought, or 
wished the public to think, that he could supply electric 
light, it is certain that by now the number of accidents and 
failures which would have occurred would have eusured the 
enactment of restrictions far more stringent than any con- 
tained iu the present law. The delay caused by the Board 
of Trade has been the delay not of the dilatory builder, bu t 
of the wise architect, who will not allow the buildin g to be 
commenced till he has seen that the foundationa are dug 
deep, and well filled with sound concrete. 

This book has been in preparation for some two years, and 
has been modified again and again as the science of which 
it treats has progressed, in order that it might indicate the 
state of that science very nearly up to the present date. 

In describing machines and lamps, I have not thought it 
necessary to describe many, but have selected those which 
are typical of different classes. Further, I have described 
but few things which, however useful they have been in the 
past, are not in my opinion likely to be useful in the future. 

There is one point in the book itself to winch I wish 
to allude : and that is the " method of calculating the horse- 
power wasted iu street mains," deacribei at page 26. It 
must be understood that the method there given is ouly 
what it professes to be — the method of calcidation. I do 
not imply that the method of an-a,nqcw,m\t there given is the 
one which I recommend. 

I have to thank Mr. Swan for much information as to the 
process of manufacture of his incandescent lamps, and for 
drawings illustrating it. 

I have also to thauk Mr. Crorapton for accounts of his arc 
lamps, and for the chapter on " Carbons for Arc Lighting." 



28, Colli sG II AH Pwue, Lomh 
Aiml mih, 1884. 
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ELECTEIC LIGHTING 



CHAPTER I. 

INTRODUCTORY* 

In all systems of artificial lighting of whatever kind^ the 
light is produced by the incandescence or glowing of solid 
particles of matter. The heat required to produce this 
incandescence is produced in various ways. Our ordinary 
coal-gas consists of a combustible gas, richly charged with 
very small solid particles of carbon, which being made white 
hot by the combustion of the gas, glow and produce the light 
required. 

If these solid particles are removed, the combustion of the 
gas produces no light. If, for instance, we mix with the 
gas a sufficient quantity of air to oxidise and consume the 
carbon particles, we obtain a flame hotter than the ordi- 
nary gas flame, but giving no light at all. A burner con- 
trived specially to mix the right proportion of air with coal- 
gas, and known as the " Bunsen burner,^' is much used for 
cooking, and for other purposes where heat without light is 
required. 

Again, if we bum pure hydrogen gas we shall obtain a 
flame giving great heat, but no light, because the hydrogen 
does not contain any solid particles. If, however, we introduce 
a little spiral of fine platinum wire into the flame, the heat 
of combustion will make the wire white-hot, and it will 
glow and give light. If, instead of the thin platinum wire, 
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2 Electrie Lighting. 

we use a thick one, it will ouly become perhaps jast red-hot^ 
and although the Bame quantity of heat is heing used, for the 
same quantity of hydrogen is being burned, yet the wire 
gives very mach less light than before. 

If now, instead of allowing the hydrogen to bum in the 
air where the oxygen, with which it is combined, being 
diluted with nitrogen, is diffused oyer a considerable space, 
WB supply it with pure oxygen, the heat produced is con- 
centrated ia a much smaller apace, and the temperature of 
the flame is consequently much higher. If the mixed gases 
are supplied under pressure, the size of the flame is still 
further reduced, and it can be concentrated on a very small 
portion of the surface of any solid body against which it 
may be du-ected. When the " oxy-hydrogen jet " is directed 
againsta cylinder of lime, it raises a portion of its surface to a 
very high temperature indeed, and the heated lime gives off 
an intense light. This arrangement is well known as the 
'■■ Lime-light." 

Now, in all these arrangments we get a certain definite 
quantity of heat from a given quantity of fuel consumed, 
and this amount is the same in whatever way the combustion 
lakes place. The same total quantity of heat is produced by 
the combustion of a cubic foot of hydrogen, whether it burns 
with a lai^ flame in air, or whether it burns in an oxy- 
hydrogen blow-pipe. 

The uiiouut of light, however, which is prodnced by the 
expenditure of a given quantity of gas, or by the production 
of a given quantity of heat, depends entirely on the way 
thai heat U applied. 

Let 03 consider, for instance, the heat prodnced by the 
oowbostion of a cubic fool of hydrogen burnt in ten minutes. 
lluB heat may be expended in boiling a certain quantity of 
waMr, in which caae it produces no light at all ; or it may 
be employMl in heating a thick platinum wire to dull redness, 
is whiijlt CMB it pioduotKi a little hgfat, or it may be used to 
^tk a thin win to whiteoeast producing a considerable 
[ H^l J or anally, by mean* of the oxy-hydrv-gtn jfet, it may 
^ fOwkiTwl in baatitiif a pi«c» of Hum to iat^ise whiteness, 
nor the limv-h^bl. 



Principles of Artificial Lighting. 3 

We see, therefore^ that to prodace a lights we must heat a 
soUd body to incandescence. To prodace a given light with 
the smallest possible expenditure of heat (that is of fuel and 
cost) we must conce7itrate our heat on a solid body of the 
smallest possible size, so that that may be raised to the highest 
possible temperature. 

Solid bodies can be rendered incandescent^ and made to 
give light by heat produced otherwise than by combustion. 
In the old '' Flint-mill," used by miners before the invention 
of the safety-lamp, heat was produced by means of the 
energy applied by the man who turned the handle and 
caused a flint and steel to be continually knocked together. 
The heat caused the incandescence of the particles of flint 
knocked off*, and the stream of sparks gave a certain quantity 
of light. 

Solid bodies can also be made hot by the passage of a 
current of electricity through them. It will be our object 
in this Treatise to discuss the various methods of producing 
by electricity a temperature in solid bodies sufficient to cause 
them to give light. We will then compare the temperatures 
to which the incandescent solids are brought by heat produced 
by combustion as in a gas-flame, and by heat produced by 
the combustion of coals in a steam-engine and converted 
into electricity in a dynamo machine, and then we shall be 
able to compare the relative heat-economies of the two 
systems of hghting. To determine the relative money- 
economies, we must further discuss the various expenses 
incidental to the two systems, such as interest on plant, 
attendance, loss in transmission, &c., and their relative 
convenience in use. 

We shall commence by a discussion of the principles 
involved in the economic production of electrical energy, and 
its conversion into heat and light, and go on to a descrip- 
tion of some of the best and most typical apparatus now 
in actual use for the purpose, omitting for the most part 
descriptions of machines and lamps which, whatever their 
merits in the past, are not likely to be much used in the 
future. 
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CHAPTER Ii; 

ON THE CONVEESION OF ELECTRIC CURRENTS INTO HEAT. 

(1.)* Let US suppose we have a long water-pipe of large 
bore, bent round so that its two ends dip into the same 
cistern at the same level, and let a force-pump be con- 
nected to one end. We see that by a very small power we 
can cause a stream of water to flow round it. The only force 
opposing the motion will be the friction of the water in the 
pipe. To overcome this friction, however, a certain quantity 
of heat has to be expended in the steam-engine working the 
force-pump, and, by the friction, the sides of the pipe and 
the water will be more or less heated. 

(2.) If the pipe is of small bore then more work will have 
to be expended tq send a given stream of water through the 
pipe, and the friction being greater the pipe will be more 
warmed. 

(3.) We see, then, that the stream of water has given us a 
means of taking heat from the engine fire, and conveying it 
to a distance, namely, to every portion of the sides of the 
pipe. 

(4.) As long as the pipe is of the same bore throughout, 
the friction will be the same at all parts^ and the heating will 
be uniform all along the pipe. If, however, we were to cut our 
pipe at one place, and interpose a spiral of very fine tube, a 
great deal of friction would be concentrated at one spot, and 
mstead of the heating being uniform all along the pipe, by 
far the greater portion of the total heati^g would take place 

* Compare the numbered paragraphs with those having corresponding 
n ambers on page 6. 



Heat produced by Friction of Water. 5 

in the' spiral. Thus this arrangement of the stream Has 
given us a means of taking heat from the engine fire, and 
conveying it to any one place we like at a distance; namely 
the place where we have put the spiral. 

(5.) In .both cases we have expended mechanical work in 
forcing a current of water through a pipe offering resistance to 
the flow, which pipe by its resistance has reconverted a por- 
tion of the current into heat. The distribution of the heat 
depends on the distribution of the resistance. When the 
resistance is evenly distributed all along the pipe the pipe is 
evenly warmed. . When the greater portion of the resist- 
ance is concentrated at one spot the greater portion of the 
heat is produced at that spot,* 

(6). We must particularly note that the heat used has 
been expended in forcing a current of water through a 
resistance, and not in producing the water itself; and 
that if a pipe could be made without friction, and thus 
ofifering no resistance to the flow, then that a stream of 
water, however strong, when once started would go on 
flowing round the pipe for ever without the expenditure of 
any work at all.f 

There are a class of substances called " conductors,^' along 
which a current of electricity can be made to flow in the 
same way as our current of water round the pipe. Sub- 
stances along which electricity will not flow are called 
insulators. No substances are quite perfect either way, the 
best conductors ofier some resistance to the flow, and the 
best insulators allow a little electricity to pass through them; 
but for our present purpose the metals and carbon among 
solids, and intensely heated or highly rarefied air and gases 
may be classified as conductors, and all other solids, and air 
and gas at ordinary temperatures and pressures, may be 
called insulators. With the conducting and insulating 
powers of liquids we have at present nothing tp do. 

Conductors differ greatly among themselves in the facility 

* For the purpose of this illustration we consider the heat to stay in 
that portion of the pipe in which it is produced, and not to he carried 
away by the water. 

t Newton, Lex. I. 
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with whicli they conduct electricity. A platinnm wire, for 
instance, offers between five and six times the resistance to 
the flow of electricity as a copper wire of the same length 
and diameter. Also the resistance of a given length of a 
given wire is greater when the wire is thinner, being in- 
versely proportional to its cross section. With the same 
orosa section it is directly proportional to the length. 

(1.) * Let U9 now suppose that by means of a steam- 
engine turning an electric generator we are forcing a 
current of electricity through a long copper wire of large 
diameter. The only force opposing the flow will be the 
resistance of the wire. To overcome this a certain quantity 
of heat has to be expended in the steam-engine working the 
electric generator, and by the resistance, the wire will be 
more or less heated. 

(2.) If the wire is of smaller diameter the resistance will 
be greater, more work will have to be expended to send a 
given current through it, and more heat will be produced in 
the wire. 

The relative amounts of work expended and heat pro- 
duced in sending a current of electricity through a thick 
and a thin wire of the same length and material are inversely 
proportional to the cross sections of the wires. 

(3.) We see that the electric current has given us a means 
of taking heat from the steam-engine and conveying it to a 
distance, namely, to every portion of the wire. 

(4.) As long AS the wire is of the same diameter and of 
the same material throughout, the resistance will be the 
same in all parts, and the heating will be uniform all along 
the wire. If, however, we cut our copper wire at one 
place and interpose a spiral of very fine platinum wire, a 
great deal of resistance will be concentrated at one spot, 
and instead of the heating being uniform all along the wire, 
by far the greater portion of the total heating will take 
place in the spiral. 

Thus this arrangement of the electric current has given ns 
a means of taking heat from the engine-fire and conveying 

* Compare the numbered ptragnipliB willi tlioso Laving carrespoading 
nnmbera on page 4 
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it to any one place we like at a distance, namely, the plaoe 
where we have put the spiral. 

(5.) In both cases we have expended mechanical work 
in forcing a current of electricity through a wire offering 
resistance to the flow ; which wire, by its resiatance, has 
reconverted a portion of the current into heat. The distri- 
bution of the heat depends on the diatribution of the resis- 
tance. When the resistance is evenly distributed all along 
the wire, the wire ia evenly warmed. When the greater 
portion of the resiatance ia concentrated at one spot, the 
greater portion of the heat is produced at that spot. 

(6.) We must particularly note that the heat used has 
been expended in forcing a current of electricity through a 
resiatance, and not in producing the electricity itself (what- 
ever that nrny be) ; and that if a wire could be made offering 
no resistance, then a stream of electricity, however strong 
when once started, would go on flowing round the wire for 
ever without the expenditure of any work at all. 

An electro- magnet consists of a bar of soft iron surrounded 
by a coil of copper wire. When au electric current is sent 
round the wire the iron bar becomes a magnet. The copper 
wire offers resistance to the flow and becomes heated, and 
therefore work has to be expended at the generator to keep 
np the flow. 

In a permanent steel magnet, according to the theory of 
Ampere, the magnetism is produced by the continuoua 
flowing of electric currents in channels of no resistance 
which surround the molecules. 

We may therefore regard a permanent steel magnet as 
an electro- maguet surrounded by a wire of no resistance, in 
which the current having once been started by whatever 
process of magnetization has been adopted, continues to 
flow eternally without producing any heat or requiring any 
heat to mEtintain it. 

When at the place where we wish to concentrate onr 
heat, we place a body of sufliciently high resistance, and 
send a sufficiently strong current through it, we can make 
it so hot that it will ijlow and give light. This is the 
principle of all electric lamps of whatever kind. 
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We have stated on page S that for ligbt to be eco- 
iiotoically produced, it is necessary to raise the body pro- 
ducing the light to the highest possible temperatnre ; or, in 
other words, to coDcentrate the heat in a solid of the smallest 
possible size or with the smallest possible cooling snrface, 

Now let ns take a platinnm spiral such that a giTen cur- 
rent makes it jast red hot. We get a very little light. If 
we take another spiral composed of half the length of wire, 
and whose wire has half the section, it will have the same 
resistance as the first, and the same current passing throngh 
it, will produce the same quantity of heat in it, and expend 
the same quantity of heat in the steam engine. The 
platinum having very much smaller cooling surface will be 
raised to a much higher temperature, and will become white 
hot and give a brilliant light. 

If, the resistance being still kept constant, the surface be 
further reduced, the temperature will be still farther raised, 
and the same amonnt of heat will produce a still more 
brilliant light. It appears then as if by making the wire 
still thinner we could produce as much light as we pleased 
from a given quantity of heat. 

The practical reason why we cannot do this is that 
platinum and all other metals fuse at what, in electric light- 
ing, is a comparatively low temperature. Platinum fuses at 
about 2000" C. Further, if heated in air, all known sub- 
stances rapidly oxidise and burn away. 

The problem, then, which has had to be solved in electric 
lighting has been to obtain a substance having a resistance of 
convenient magnitude which can be heated by the current 
and which is either indestructible by intense heat or if 
slowly destroyed is capable of easy and continuous renewal. 

Carbon, either alone or in conjunction with heated air, 
satisfies these conditions in a great measure. It has never 
yet been fused, and though it slowly oxidises when heated 
in air, yet its destruction can be either guarded against or 
compensated for as is done respectively in the two great 
systems of electric lighting now in use, i.e. the incandescent 
and the arc system. 

In the " Incandescent " lamps of Swan, Edison, Maxim, 
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Lane-FoXj &c,y the resistance, used to convert the current 
into heat, is that of a very fine thread or wire of carbon 
which is brought to a state of intease incandescence by the 
passage of a current through it, and which is protected from 
oxidation by being hermetically enclosed in a glass globe 
from which all the air has been exhausted. These lamps 
last for many months at a time, if not too much heated.* 

In the ^' arc " lamps the current is sent through two 
stout rods of carbon which touch each other end to end. 
As soon as the current is established the rods are separated a 
little way, and the current continues through the heated air, 
which is a partial conductor of high resistance. Great 
heat is produced, the " poles ''^ of the carbon rods glow with 
an intense whiteness, and small particles of carbon becoming 
detached are heated in the air between, and form a luminous 
*' arc '' from one pole to the other which adds to the light. 

In this class of lamps the carbons being thicker can be 
raised to a much higher temperature than the carbon threads 
of ^' incandescent ^^ lamps, and consequently they give much 
more light for a given quantity of heat, and are so much 
the ^'more efficient.'^ 

The carbon rods slowly consume away, and therefore 
have to be fed forward by suitable machinery. In arc 
lamps the expense "of the carbon rods has to be added 
to the cost of producing the current in estimating the total 
cost of the light. In our 6th and 7th chapters we shall 
describe various lamps, both "incandescent^' and "arc,^^ 
now in use, but as the lamps have to be constructed 
to use currents of certain strengths, and as each lamp is 
intended to convert a certain definite quantity of electric 
energy into heat it is necessary for electrical engineers to 
comprehend the methods by which electrical quantities are 
measured and the standards to which they are referred. 
We shall therefore devote our next three chapters to an 
account of the standards now in use, and the methods of 
measuring electrical quantities by means of them. 

• If overheated even in a perfect vacuum the filaments are destroyed 
with more or less rapidity hy some process analogous to mechanical dis- 
integration — they are, as it were, shaken to pieces. 
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CHAPTER III. 



ELECTKICAL UNITS AND THEIit 
TO THE HEAT J 



I TO EACH C 
) WORK tJBITS. 



In order to force water through a pipe offering resistance 
to the flow, a certain pressnre or "aqua-motive force" must 
be supplied by a force-pump or otherwise. Similarly, in 
order to force a current of electricity through a wire, a 
certain electric pressure or eledro-motive force must be sup- 
plied by the generator, A small electro-motive force will 
force a small current through a given resistance ; a larger, 
a proportionately larger one. 

Cdrebnt. — Ampehk. 
The unit of electric current is called the Ampdre. It 
is a unit of flow or of stream. We speak of an electric cur- 
rent of so many amperes in the same way as we might speak 
of a water current of so many gallons per minute.* A 
20-candle Swan lamp, new pattern, takes a current of about 
•7 ampere. 

Peessuee. — Volt. 

The unit of electric pressure is called the Voll. It is 
aoalagous to steam-pressure or to head of water. We speak 
of an electric pressure of so many volts as wo might speak 
of a steam -pros sure of so many pounds to the square inch, 
or a head of water of so many feet. One Daniell's cell gives 

* In the case of the water flow ne havu no one word to expresa 
tbe Btrengtli of tLe Etream, bat have to apeali of quantitj per time. 
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a pressure of nearly one volt. One 20 -candle Swan lamp 
(new pattern) requires a pressure of about 100 volts. 

Resistance. — Ohm. 

We know that generally a pipe of small bore offers a 
greater resistance to a flow of water than one of large bore; 
but the relation between the resistances of different pipes 
follows extremely complicated laws. We know, for instance, 
that a pipe of 1 square inch bore offers more resistance 
than one of 2 square inches, but we cannot say that it offers 
exactly, or even approximately, twice the resistance. 

Electric resistance, however, as we have already stated,* 
follows a very simple law. For a wire of a given substance 
it is directly proportional to the length, and inversely pro- 
portional to the cross section. Thus, if we double the 
length of a wire we double its resistance. If we double the 
section we halve its resistance. If we double the diameter 
we quadruple the section and reduce the resistance to one 
quarter. If we double the length and double the section 
the resistance remains unaltered. 

The unit of electrical resistance is called the Ohm. It is 
defined as the resistance at a temperature of C, of a 
column of mercury of one square millimetre section and of a 
certcdn length. 

The value t of the ohm was determined in 1862, by a 
committee of the British Association; and the result of their 
determination is that the standard mercury column has a 
length of, as nearly as possible, 104 centimetres. This is 
the value which is at present in practical use. It may bo 
called the B. A. Ohm. 

Recent investigations have, however, shown that it is 
about 1 per cent, too low; and at the Congress of Electri- 
cians, which met in Paris on Sept. 15, 1881, an International 
Commission was appointed to re-determine it with aU 
possible accuracy. Whatever value the Commission arrives 
at is to be called the '^ Paris Congress Ohm,^' and is to be 

* Page 6. 

t For the theory of the determination of the Ohm, see my " Electricity," 
2 ad edition, vol. i. p. 303. 
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adopted permanently, and is not to be again changed, even 
if a further re-determination should show that it is not 
perfectly accurate. 

To get some idea of the magnitude of the ohm, we may 
note that a mile of No. 16 copper bell- wire has a resistance 
of about 14 ohms, while the Atlantic cable has a resistance 
of about 7600 ohms. The carbon thread of a 20-candle 
Swan incandescent lamp (new pattern) has, when hot, about 
143 ohms resistance, while the resistance of the heated air 
in an electric arc varies from 6 ohms to 1 ohm. 

Unit op Quantity. — Coulomb. 

The unit of electrical quantity is called the Goulomb, and 
we can speak of a current as one that conveys so many 
Coulombs per second through the wire. A current of a 
strength of one ampere conveys one coulomb per second. 

Ohm's' Law. 

The three units, volt, ohm, ampere, are connected by 
what is known as Ohm's law. 

Ohm's law states that the current in any circuit is directly 
proportional to the electro-motive force, and inversely pro- 
portional to the resistance, and the units are so chosen that 
when there is one ohm resistance in circuit an electro- 
motive force of one volt produces a current of one ampere. 

We see then that two volts acting through one ohm would 
give two amperes, or one volt acting through two ohms 
would give 4 an ampere. 

Ohm's law may thus be written, — 

,^ . . N Electro-motive force in volts. 

Current m amperes = .^5 — ;— r-^— 

iCesi8tance m ohms. 

This is commonly abbreviated into the form, — 

C = I . • . . . (1) 

This may also be written, — 

" E = CR . . (•>) 

or,— 

R = g. . . . (3^ 
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By the use of these f ormulaa we can solve problems such as 
the following, which occur daily in electric lighting. 

(1.) A machine gives an electro-motive force of 60 volts. 
What current will it send through a resistance of 5 ohms ? 

We have from (1), — 

C = -^ = 12 amperes. 

(2.) What electro-motive force must a machine have to 
send a current of 2 amperes through a resistance of 25 ohms? 
We have from (2), — 

E = 2 X 25 = 50 volts. 

(3.) What is the resistance of a circuit when an electro- 
motive force of 800 volts sends a current of 10 ampferes 
through it ? 

We have from (3), — 

R = -:r7r = 80 ohlXlS. 



Units op Heat and Work, and their relation to the 

Electrical Units. 

Enbbgy and Hobse-Powbb. 

The rate at which Energy is being expended, as for in- 
stance in maintaining a current, is in England * commonly 
measured in '* horse-power/^ 

One horse-power is equal to 550 foot-pounds per second, 
i.e. can raise 550 lbs. 1 ft. per second, or 1 lb. 550 ft. or 
10 lbs. 55 ft. in the same time. 

When horse-power is being expended in sending a current 
through a resistance, the conductor offering the resistance 
is heated. The quantity of heat produced per minute is 
equal to the heat which must be expended per minute in 
maintaining the current. 

The horse-power required to maintain a current is, other 
things being equal, proportional to the square of the 
current. Thus, if one H.P. could maintain one ampere 



* In France it is measured in ** Force des Chevaux." 
1 H.P. = 10139 Force de Cheval. 
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througli a given reaiatance, 4 H.P. would be reqnired to 
maintain 2 amp^ros through, the same restiatance. 

The heat produced in the conductor ia proportional to the 
Bqnare of the current. Thus, 2 amperes will produce four 
times as much heat in a certain wire as one will. 

T/te horse-poioer required to maintain a certain cu.rre>it 
through a resistance is proportional to the resistance, and the 
heat produced by the current is proportional to the reais- 
tauce. 

Corollary. The heat produced per unit of length in a 
wire, on which depends the temperature to whfcli the wire 
will be raisedj is proportional to the resiiitance per unit of 
length. 

Tho horse-power required to maintain a certain earrent 
under a certain pressure, is proportional to the current 
multiplied by the pressure. 

Calcdlations. 
Eblatios between Hoe8E- Power, Cdkebnt, and Resistanci!. 
One horse-power can maintain a current of one ampere 
through 746 ohms. Or one o£ two amperes through, — 

i = iof746ohmB, Jtc. 

This ia expressed generally by saying that the horse- 
power required to maintain a current is y^ part of the 
square of the current in amperes multiplied by the resistance 
in ohms. This is abbreviated as follows, — 



1 



_ C' R 

■ 746 



H.P. = ^ .... ,1,. 



This may also he written,— 
^ 746 H.P. 



* 1 7. <le C. will nuataiu a current of 1 
Equation (4) becomes, — 

F. de C. =■ 

And generallj H.P. can be trunalated into F. de C. by substituting 736 
746 in the foi'mala;, 
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or,— 

^ _ 746 H.P. ... 

Jt — -^ ,. . . . (0) 

Problem (1). 

What horse-power is required to maintain a current of 10 
amperes through a resistance of 6 ohms ? 

We have from (4), — 

^p _ 10 X 10 X 6 _6Q0 
^'^' ■" 746 746 

or a little less than f of a horse-power. 

(2.) What current can 16 H.P. maintain through a re- 
sistance of 64 ohms ? 

We have from (5), — 

o4 

whence = 13'65 amp&res. 

(3.) Through what resistance can 10 H.P. maintain a 
current of 2 amperes ? 

We have from (6), — 

R = "^^-^-l- = 1865 Ohms. 
i£ X ^ 

Eblauon between Horsb-power, Current, and B.M.P. 
Equation (4) shows us that, — 

HP =^15 .... (4) 

• 746 ^^ 

Equation (3) shows us that, — 

■p 

Inserting in (4) the value of E given by (3) we have, — 

C*E 

^•"^• = "746=746 • • • • (7) 

or the horse-power expended in sending a current through 
any resistance^ constant or variable, is y^ part of the cur- 
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rent in amperes multiplied by the electro-motive force in 
volts which is driving it. 

Equation (7) may also be written, — 

B = 7«_H^- ..... (8) 

or,— 

C = ?i^«P- ..... (9) 

Problem (1). 

How much heat will be developed in a circuit by a current 
of 18 amp&res driven by an E.M.P. of 200 volts ? 

We have from (7), — 

„ ^ 18 X 200 . Q„ , 

= — WT3 — ^ 4^*82 horse-power. 

(2.) What electro-motive force must be given to a machine 
in order that 5 H.P. may just maintain a current of 25 
amperes in the circuit. 

We have from (8), — 

E = ^^^g^ ^ = 149-2 volts. 

(3.) A machine has an E.M.P. of 60 volts, what current 
will be developed by 80 H.P. ? 
We have from (9), — 

^ 746 X 80 _^. 

C = -^ = 994 amperes. 



Eelation between Hobsb-powbr Eesistancb and E.M.P. 
Equation (7) gives us, — 

Equation (1) gives us, — 

<^ = 5 W 

Substituting in (7) the value of C given by (1) we have,- 

5 E* 
^•^' " 746 ~ 746R * ^^^^ 



Worky Quantity^ and E.M.F. 1 7 

This may also be written,— 

E* = H.P. 746R .... (11) 



or/ 



^=746Trjp. ^^^^ 

Problem (1). 

What H.P. is expended by an E.M.P. of 99 volts working 
through a resistance of 140*5 ohms ? 

We have from (10), — 

^•^' = 746">ri40^ = '^^^• 

(2.) What B.M.F. will be developed if ^ of a horse- 
power is employed in sending a current through 30 ohms ? 
We have from (11), — 

E* = ^ 746x30 = 2238. 

Whence E = 47*3 volts. 

(3.) What should be the resistance of a lamp in order 
that when placed on a machine of 65 volts B.M.P. ^ of a 
horse-power may be expended in it ? 

We have from (12), — 

Relation between Woek, Quantity, and E.M.P. 

If we have a supply of water under constant pressure, 
which we are using occasionally, say to drive a water engine, 
we can tell how many foot-pounds of energy we have used 
at the end of a week, if we know the pressure and the total 
quantity of water used. 

Similarly, if we know the electro-motive force at which 
our electricity is supplied, and the total quantity of elec- 
tricity which has passed through our circuits, we can 
calculate the total quantity of energy expended, or of heat 
produced in the resistance, however much that resistance 
may have been varied during the flow. 

c 
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Hie rdaiioii is giren by the eqoatioii, — 

W = -737EQ .... (13) 

Eqaadoii (13) can be deriyed firom eqimtion (7), wben we 
remember that 1 ampere eqoida 1 coulomb per second^ 
and 1 H.P. = 550 foot-poonds per second. The nnmberpf 
feot-poonds eiq)ended in sending a coulomb through the 
exrcint^ is therefore 550 times the number of H.F. expended 
in maintaining an ampere. 

(7) thns becomes^ — 

Where W is the work expended or heat generated ex- 
pressed in f oot-ponnds, E is the electro-motiTe force in yolts, 
and Q is the total number of coulombs of electricity which 
has passed.^ 

The equation may also be written, — 

or,— 

w 

Problem (1). 

With a constant E.MJ*. of 110 volts how much work 
is expended in sending 10,000 coulombs through a circuit 
of Tarymg resistance? 

We have from (13),— 

W = -737 X 110 X 10,000 = 810,700 fimt-poonds. 

(2.) How much electricity will 33,000 foot-pounds send 
through a circuit with an E Jf .F. of 60 volts ? 
We have from (14), — 

Q = lir^^^^ = 746 cookmlis. 
737 X 60 

(3.) What must be the E.M.F. in a circuit for 1474 foot- 
pounds to send 10 coulombs through it ? 
We have fit)m (15), — 

• Seepi«el2. 
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SUMMABT OF FoBHULJ!. 

The following is a summary of the various formul© which 
we have explained : — 

C stands for Carrent in amperes. 
E „ E.M.P. in volts. 



B 

Q 
H.P. 

W 



Besistance in ohms. 

Quantity in coulombs. 

Bate of expenditure of work in horse-power. 

Work in foot-pounds. 



1 H.P. =: 550 foot-pounds per se cond = 33,000 foot-pounds per minute. 





HOBSB-POWBB. 

.... 


(4)1 


E>age 14. 


EC 
■"746 


• • . • 


(7) 


„ 15. 


E* 
"■ 746 R • 


• . . . 
WOEK. 


(10) 


„ 16. 


W = -737EQ 


• • • • 
CUEEBNT. 


(13) 


.. la 


^^B • • 


• • • . 

— # 

• 

• • • 


(1) 

(6) 


.. 12. 


/ 746 H.P 
"n/ B 


„ 14. 


746 H.P. 
~ E 


• « • • 


(9) 


., 16. 


Electbo-motive Foeci 


1 
<• 




E=:CB . 


• • • • 


(2) 


„ 12. 


746 H.P. 
"" c 


• • • • 


(8) 
(11) 


„ 16. 


= ^ H.P. 746 


„ 17. 


W 

"■ 787 Q 


• • • ■ 

Besistancb. 


(16) 


„ 18. 




• . . • 


(3) 


„ 12. 



* The tymbol i/~~ means " squtire root of the quantity under iU 

c 2 
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_ 746 H.P. .„ _ 

= 0i — (6) page 16. 

E 

Qhamtity. 
Q = :^ . . . . . (U) .. 18. 

The Commercial Electbical Unit. — ^Definition. 

The unit of electrical supply is defined by the Board of 
Trade in the Provisional Orders to be 1000 amperes flow- 
ing for one hour under a pressure of one volt. 

This is the same as 100 amperes under a pressure of 10 
volts, or of 10 amperes under a pressure of 100 volts, or 
generally as 1000 volt-amperes. 

Value in Horsb-Power per Hour. 

This unit is mathematically equal to 1*34 actual horse- 
power working for one hour, i.e. just over 1|- horse-power 
working for one hour. 

For we have by the formula (7), page 15, — 

746 

and where 

E C = 1000 

H.P. =i^=l-34 (16) 



Value in 21-GAjb(DLE Swan Lamps per Hour. 

A Swan lamp as at present constructed takes exactly -^th 
horse-power when working at 21 candles. Hence the com- 
mercial unit is a quantity of electricity that will feed 13*4 
Swan lamps, each of 21 -candle power for one hour. 

Value in 14-candle Swan Lamps per Hour. 

When lamps of smaller candle-power are used, one unit 
of electricity will feed a proportionably larger number of 
them. 



The Commercial Unit, 21 

One commercial unit of electricity will feed -f-^ x 13"4 
eqoal to 20 14-candle Swan lamps for one hour. 

Equivalent in Gas. 

5 cubic feet of gas will feed one burner of about 14 candles 
for one hour, 100 cubic feet of gas will feed 20 14-candle 
burners for one hour; 

Hence 

One commercial electrical unit (when feeding Swan lamps) 
is approximately equal in illuminating power to 100 cubic 
feet of gas, 

Or, 

Ten commercial electrical units (when feeding Swan 
lamps) are approximately equal in illuminating power to 
1000 cubic feet of gas . . . . . . (17) 

EuLB FOR Comparison op Prices. 

We see from the above that to compare the price of 
electricity with that of gas we must multiply the price per 
electrical unit by 10, and the result will be the price of a 
quantity of electricity approximately equal in illuminating 
power to 1000 cubic feet of gas. 
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Rules foe the Resistances of Divided Cihcitits. 



In incandeacent electric lighting the lamps are placed bo 
that the currents leaving the mains divide between them. 
A knowledge of the right way to calculate the resistance of 
divided circuits ia essential to electrical engineers. 

When an electric circuit consists of two or more branches 

as in h, c, fig. 1, the 

i current divides between 

• ~ < ^ ^^ them in the inverse 

ratio of their resist- 
ances. For instance, 
if the branch 6 has twice the resistance of c, then |- of the 
onrrent passes through c and ^ through b. 

When wires are placed side by side, as b, c,' fig. 1, so 
that the current divides between them, they are said to be 



a parallel circuit," or "in multiple 
all three expressions are used. 



Pi*. 2. 



to 



' or "in quantity; 

When they are ar- 
ranged end to end, as 
in fig. 2, they are said 



in series . 

We see that in the " Quantity " arrangement the total 
resistance of the divided circuit is less than that of either of 
its branches, for the two wires side by side are equivalent 
to one whoso cross-section is equal to the sum of the cross- 
sections of the branches. 

If the resistances of all ilie branches are eqiial, tfte 



! total I 
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resistance of {he whole circuit is the resistance of one branch 
divided by the number of branches ..... (18) 
Problem : — 

If we have 20 incandescent lamps connected in quantity 
(fig. 3)^ and each has a resistance of 125 ohms^ what is their 
total resistance ? 

We have from (18), — 



R = ^ = 6-26ohinM. 



BSEEElElEE' "^^^ 



1 1 
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If the lamps are connected in series, their total re- 
sistance is the resistance of one multiplied by the number in 

series (19) 

Problem : — 

If we have 3 of the same lamps connected in series (fig. 4) 
what is their total resistance ? 

"We have from (19), — 

B=:125 X 3 = 376 ohms. 



"DO" 



Fift. 4. 



-«W 



We sometimes have to arrange a number of equal re- 
sistances, such as incandescent lamps, partly in quantity, 
partly in series, i.e. each branch of our parallel circuit is 
made up of two or more resistances in series. 

The total resistance B of the circuit is then given by the 
following formula, where r is the resistance of one lamp, s 
the number of lamps in series in each branch, and q the 
number of branches arranged in quantity. 



^=:tl 



(20) 



Problem : — 

What is the resistance of 20 lamps of 25 ohms each, 
arranged in 5 branches, each consisting of 4 lamps in series 

(fig. 5) ? 
We have, — 



r ss 25 ohms. « = 4. 7 := 5. 
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And we have from (20), — 



R = — - — = 20 ohms. 



.5. 




When the different branches have not all the same re- 
sistance^ the formula for determining the total resistance is 
more complicated. 

T^t r„ r^ r,, Ac. (fig. 6), be the whole resistance of each 
of the branches respectively; each maybe one resistance, 
or made np of several smaller ones in series. 

The total resistance 

R of the circuit is 

p^ ^^ given by the formula. 

R=: VlTl^^ . (21) ♦ 

r, r, Ac. + Vx r, Ac. + r, r, Ac. + Ac. ' 

Problem: — 

What is the resistance of a divided circuit of 5 branches, 
the total resistance of each branch respectively being 4, 12, 
5, 100, and 3 ohms ? 

We have from (21),— 

g_ (4 X 12 X 5 X 100 X 3) 

(12 X 5 X 100 X 3) -h (4 X 5 X 100 X 3) + (4 X 12 X 100 X 3) 
+ (4 X 12 X 5 X 3) + (4 X 12 X 5 X 100) 

— = 1-14 ohm. 



18,600 + 6200 + 14,880 -h 744 -h 24,800 

It is often required to construct a resistance, such that a 
known fraction of the whole current shall go through one 
branch. 

For instance, if we wish to measure a strong current by 



* In ibis fonnala the numerator u the product oi' all the resistances, 
while each tenn of the denominator is the product of all except one, each 
one heing omitted in turn. We also note that each term of the denomi- 
nator eonsists of the numerator divided by the resistance which has been 
omitted in that term. This saves labour in the calculation. 
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a " f^lvatiometer," * only constructed for the meaaarement 

of feeble cmTents, 

we may arrange it tV 

witli a "shtiDt" as 

it is called, as in "* . ^ ^ 

fig. 7, 80 that say *' 

-^ of the cnrrent goes through the galvanometer e imd ^ 

through the shtmt h. The galvanometer gives us the value 

of -]^ of the current, and 10 times this is the whole value of 

the current. 

The general rule for the oonstroctioii of shunts is the 
following : — 

If it is desired to send - of the current throngh any in- 

atmment, and the rest of it through the shunt, the resistance 
of the shunt most be, — 

-^-T- of the resJBtaiioe of the inatrnment J . . (22) 

Problem : — 

We wish to measure a strong current by means of a 
galvanometer of 880 ohms resistance, and to send exactly 
r^ part of the current throngh the galvanometer. What 
must be the resistance of the shant which is to be placed in 
parallel circuit with the galvanometer ? 

We have from (22),— 

BcHiHtance of ahont = resistance of gslranometer 

= ^ X 880 = 8-88 ohms. 

(2.) What must be the resistance of the shunt for \ of the 
current to go through a lamp of 120 ohms f 

B«Mstanoe of •hunt = ^--y x 120 = 40 ohms. 



* See below^ Chapter V. 
t The synibol 



+^ I I 



indieatM « battery, and !■ used with that meaning throoghoat thii boob. 
X For tli9 theory of thii rule see my " Electrieitj," 2nd edition, vol. i> 
p.27fi. 
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Self- ADJUSTMENT OF COBRENT BY LiMPS IN QUANTITY. 

Suppose we have a generator of very small internal resis- 
tance and of constant E.M.F., and we supply a current from 
it to a number of lamps in quantity, the current in each lamp 
will be sensibly the same, whether the number of lamps 
connected is (within certain limits) great or small, i.e. if we 
have a number of lamps connected we can extinguish as 
many of them as we please without sensibly affecting the 
remainder. 

For let E be the B.M.F. of the generator, g its interna! 
resistance, J' the resistance of one lamp, n the number 
of lamps. Thus, from (18) the total resistance of the are 
lamps will be - 
and from (l) the total current will be 



The current being divided between n lamps, the current c 
n each will be _ of the total current, i.e. will be 



, 1 



>■ + nj 



We see that when g is very small, this is nearly inde- 
pendent of the value of n, i.e. is nearly the same whether 
many or few lamps are in the circuit. 

This will be the case when g is the internal resistance of 
a battery with very large plates. With dynamo machines, 
however, the apparent resistance is so much increased by 
"self-induction"* that the self-adjustment only takes place 
over a very limited range, and other means of keeping the 
electro-motive force constant have to be used, which will be 
discnssed in due course. 



Method op calculatino the H.P, wasted in a Network of 

Conductors sdpplyino Laups. 

In all systems of electric lighting it is important to know 

what proportion of the electricity generated is utiliaed in 

• See Chapter IX. 
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the lampB, and what proportion is wasted in heating the 
conductors. 

When we have a rule for determining this we can pro- 
perly apportion the diameter of each conductor to the current 
it has to carry, and to the distance to which it has to carry 
it ; BO that, on the one hand, we may not, by making the 
conductor too small, expend too great a quantity of coal in 
forcing the current through it ; or, on the other baud, by 
making it too large, so increase our capital expenditure on 
copper that the interest on it is too large a proportion of 
the annual rental which we can, charge for the electricity 
osed in the lamps. 

When the same current passes through two resistances, 
such, for instance, as a wire and the lamps fed by 
it, the horse-powers expended in the two resistances 
respectively, are simply proportional to the resistances. For 
by the formula (4), p. 14, if r and r' are the two resist- 
ances, the horae-powers expended by the same current C are 
HP =9'_''. 

and 

CV 



H.P.' = 



and their ratios are 



746' 



" U' j^ " 



When, as in arc-lighting, the lamps are all placed in 
aeries, the determination of the relative horse-powers ia very 
simple, for the wire is of uniform section throughout, and its 
total resistance is its resistance per yard multiplied by its 
length in yards. 

The resistance of each lamp is known, and the total lamp- 
resistance is the sum of these resistances. 

Example. 16 arc lamps, each of 2'1 ohms resistance, 
are placed on a circuit 450 yards long, consisting of a wire 
having a resistance of "006 ohms per yard. What proportion 
of the horse-power is used and wasted respectively ? 

The lamp-resistance r = 16 x 2-1 = 33-6 ohms. 
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The wire-resistance / = 450 x "006 = 2*7 ohms. 
The ratio 

H.P.' _ »^ _ 2-7 _ .„, 

or 8 per cent. 

NoTH, — We must be careful not to confuse the ratio of 
horse-power wasted to horse-power used, with the ratio 
of horse-power wasted to total horse-power. 

The latter ia the ratio of wasted horse-power to the sam 
of the wasted and used horse-powers j or, 

II, P. -)- H.P.' ^ ' 

This, in the case when the current is the same throaghout 
the circnit, still depends only on the resistances, and is given 
by the formula 

H.P-' ^ /_ 

Yi.V. -t-M.i-.' '■ + I- '" ' 

With a circuit as given io the previous example, the ratio 
of the horse-power wasted to the total horse- power would be 

With one group of incandescent lamps, either in quantity 
senes, or of any combination of the two placed at the end of 
a pair of leads, as in fig. 8, the problem of the deter- 
mination of the relative horse-powers wasted and used, is 



equally simple; for the wire being of uniform section, we 
know its resistance, and the resistance of the group of lamps 
is given by the formula (20) of page (23). 

The current in every part of the leads being the same 
as the current in the group of lamps, the relative horse- 
powers are still proportional to the relative resistances. 

TFe »ee in all these problems that the longer the conducim- 
is, tlie thicker it must be, for if a given conductor wastes a 
certain liorse-power, and vie wish to double its length, i.e. 
Io pvt the lamps twice as far from, the machine, without 
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vricreasing the waste, we must also double its sectional area, 
so as to keep its resistance constant, that is, we must quadruple 
its weight* 

In practical incandescent lighting,- however, the lamps 
are distributed at intervals along the pair of conductors as 
in fig. 9, and the problem at once becomes much more 

^ d C h ft 



DynamfO 
Poles 



9h (A <k 




Pig. 9. 

complex, because different parts of the conductors are 
carrying currents of different strengths^ and the simple 
formula (25), page 28, is no longer applicable. 
For we have in fig. 9 

The portion a of the conductor carries the current of 1 lamp. 
,> 6 „ M 2 lampv. 

>» *?»»»»«> f, 

ft d „ ,y 4 „ 

If we consider the conductors + d a and — c? a in fig. 9 
to be the wires laid along a side street, then the branches 
L| Lj, &c., will not be single lamps, but maj each be con- 
sidered to represent the whole group of lamps in one house; 
while^ if we consider the conductors to be the mains in a prin- 
cipal street,'the branches L) L,, &c., may be considered as re- 
presenting the sub-mains branching into the side streets. 

We see that L| Lj, &c., are not necessarily equal to one 
another. 

In order to determine the relative horse-powers used and 
wasted in a system of town supply, I prefer to use a method 
which I communicated to the Society of Telegraph- 
Engineers on Dec. 13, 1883. 

We first mark out on a large-scale map of the district the 
number of lamps likely to be required in each block or 
house. 

We then draw the street-mains and branches radiating 
from the engine-house to the houses to be lighted. 

We then, starting from the furthest points on each branch, 

* See page 11. 
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work np towards the engiue-liouse, marking on eacli branch 
and main the nnmber of lamps it has to carry. 

Plate I. ia an example of a district so marked ontj the 
plain numbers being the number of lamps • in the block or 
house on which they are marked, and the numbers surrounded 
by a circle being the number of lamps carried by the wire near 
which they are written. 

To avoid confusion, the 4- conductor only is shown, and 
when theH.F. wasted in it has been obtained, the result must 
be donbled to obtain the total waste in the + and — con- 
ductors. Knowing the current used per lamp, we know the 
number of amperes which each wire has to carry. 

We note that the " carrying " number in each branch ia 
the sum of all the numbers beyond it, i.e. on the side 
furthest from the dynamo in that branch. 

In order to secure the greatest economy of copper an d of 
coals, the section of the conductor vmst be directly proportional 
to the current it has to carry, i.e. as we leave the dynamo, the 
section of the conductorniust diminish after each branch leaves 
it. in order that the same number of amperes per square inch 
may be carried by every part of the conductor throughout the 
syntern-f 

This condition being giren, then, for a giveu district 
mapped out, the percentage of H.F. wasted in the conductors 
is simply proportional to the nnmber of amperes per square 
inch which we use. 

Sy the method we are about to explain, it is easy to 
calculate the percentage of horse-power wasted for any given 
number of amperes per square inch. 

In order to find the amperes per square inch corresponding 
to the particular percentage horse-power that we are prepared 
to waste, we must assume some number of amperes arbi- 



* The number of lamps need not be quit« the total number ei'eotad, 
bat sbould be the total number likely to be ordioarily in oae. It is not 
neceasarj t^ provide copper to be alwaje in position for lamps that aveont; 
lighted occasionally. In patting on extra lumpx for short periods, care 
must however be taken that the heating limit is not approached. Tbii 
will be disciuaed in the chapter on " Fire-risks.'' 

t For the mathematical proof of this, see Appendix. 
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trarily^ and find the actual horse-power wasted^ and then the 
required number of amperes will bear the same ratio to 
the required horse-power that the arbitrarily-assumed num- 
ber does to the horse-power corresponding to it . . (27) 
For exam'ple : — 

Suppose in a system where, say 100 H.P. is being used 
in lamps, we are prepared to waste 12 J H.P., and that with 
an assumed current of 500 amperes per square inch we find 
(by the method of calculation which we are about to give) 
that we waste 16 H.P., then the right number of amperes 
per square inch for us to use is 

12* 

-y^ X 600 = 390 amperes per square inch. 

And if we have calculated the section, of copper on the 
basis of 500 amperes per square inch, we must increase 
the section in the ratio of 16 to 12^. 

Calculation op H.P. wasted. 

We now come to the method of calculating the horse- 
power wasted in a system of conductors, when a current 
of a certain number of amperes per square inch is flowing 
through it. 

When there are the same number of amperes per square 
inch in a system, the horse-power wasted in each cubic inch of 
copper is the same throughout the whole system or district. 

The resistance between the two faces of an inch cube 
of copper is "0000007 (seven ten-milliont hs) o f an ohm. 

The horse-power (which we will call H.P.) expended in 
a cubic inch of copper with a current of amperes per 
cubic inch, is 

g^^ -C»X - 0000007 ..... (28) 
746 

With 500 amperes per square inch, the horse-power per 
cubic inch is * 

_P 600^21:0000007 ^ .QQQ234 . . (29) 

When we know this constant, HiP., and also the total 
number of cubic inches of copper in the district, we know 
the total horse-power wasted in the district. 
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To determine the number of cubic inches of copper in 
the district, we return to our map, on which the number of 
lamps on each branch is marked, and we calculate a constant 
for the area of copper per lamp corresponding to our 
assumed current of aay 500 amperes per square inch. 

For instance, if each lamp takes '85 ampere, then for 
each lamp we must have 

Mm ^ ''Wl^ = Bijuare inch of copper. 

We then multiply the number of lamps on each section 
of the branch or main by this new constant, aud we get 
the required area of this section, which we can mark upon 
it on the map. 

We next multiply the area of each section by its length 
in inches, and this gives us its volume in cubic inches. 

Adding all the results thus obtained together, wo get the 
total number of cubic inches of copper in the positive leads 
throughout the district. 

Twice this result is the total amount in the + and — 
loads together. 

Multiplying this result by H.P., the horse-power constant 
(which, when C = 500, is equal to -000234), we get the total 
horae-power wasted in the copper in the whole system. 

If the H.V . wasted is more or less than the desired amount, 
we, as we said before, alter C proportionately to the 
desired change in the H.P. 

We of course know the H.P. expended in the lamps, as 
we know thenumberof lamps and the H.P. expended in each. 

If H.P.L is the total H.P. used in the lamps, aud H.P.* 
the total H.P. wasted, then the percentage P^ of the whole 
H.P. expended which is wasted in the leads, is 
100 H.P.W 
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P« = 



H.P.1. + U.P., 



As far as wo have yet gone, we have assumed that all 
the lamps are alight whenever the current is flowing. 

In practice this will not be the case, and wo must note 
thttt if, the conductors remaining unchanged, -we diminish 
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the number on every branch in a certain uniform ratio, we 
shall diminish the wasted H.P. in the square of that ratio. 

That is, if, when 1000 lamps are burning, we are using 100 
H.P. and wasting 10 H.P., then, if we reduce the number of 
lamps to 500, we shall reduce the used H.P. in the ratio of 
iWo9 ^•®' *^ ^^ H.P., but we shall reduce the wasted H.P. 
in the ratio of (■^^^^^)^ ^^ ^ i of its former amount, namely, 
to 2i H.P. 

To put this in symbolical form, we may say that, with a 
given system of conductors, if 

H.P.wH is the H.P. wasted when M lamps are boming, 
and 

then 

H.P.wK = ^5J j H.P.WM (30) 

This formula is, as we said above, only correct when the 
number of lamps diminishes uniformly- over the whole 
system, i.e. when an equal proportion of the lamps in every 
block are turned out simultaneously. 

In districts containing the same class of houses, the con- 
dition is sufficiently nearly approximated to in practice to 
make the formula (30) a useful one in calculating probable 
waste. Assuming, then, this condition, we can, if we 
know the general average habits of the district as to the 
use of light, calculate the total relative quantities of coals 
which will be used in the engines in producing useful and 
wasted electricity respectively. 

We will use the symbol H.P.H. for ^^ horse-power-hour,'' 
i.e. for a H.P. working for an hour. Thus, 20 H.P. working 
for 3 hours would be equal to 60 H.P.H. 

The coals used in an engine are practically proportional 
to the H.P.H., i.e. to the H.P. developed, multiplied by the 
hours during which the engine works. In order to determine 
the ratio of the coals used in producing wasted and useful 
electricity, we must take the H.P.H. used and wasted hour 
by hour throughout the night. 

This will be best understood by an example. 

D 
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Suppose that we have 1000 lamps and such a systeni of 
mains^ that, when all the lamps are on, we use 100 HJ^. 
and waste 10^ and suppose that the nnmber of lamps in nse 
at the different parts of the night are as in the first two 
columns of the following table, then the H.P.H.S used and 
wasted will be as in the fifbh and sixth columns respectiyely, 
where the letters L and W stand for '^ used in lamps '' and 
'^ wasted'' respectively. 



Hoots. 

P.M. 


Lamps 
bnmmg. 

Very few 


H.P.L 


H.P.W 


' H.P.H.I. 

1 


H.P.H.W 


Before 5 


1 Inappreciable 






5—6 


100 


10 1 1 


10 


•1 


6-7 


500 


50 ; 2-5 


50 


2i» 


7—10 


1000 


100 10^ 


300 


30O 


10—11 


800 


80 


6-4 


80 


6-4 


11—12 


400 


40 


1-6 


1 40 


1-6 


12— 2 a.m. 


200 


20 


•4 


; 40 


•8 


After 2 


Very few 


Inappreciable 


1 






Total 




520 


41-4 



Thus^ although the percentage H.P. wasted when all the 
lamps are on is 

Pw = 100 jq5^^ = 9-9 per cent, 

yet the percentage of coals wasted in the whole night is 
only 
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CHAPTER V. 

EXPEBIHENTAL MEASUREMENT OF CURKBNT — ELECTEO-MOTIVE 
FOBCB — EE8ISTANCE — AND HOBSE-POWER DEVELOPED IN RESIS- 
TANCE. 



Measurement of Current by the Siemens Electro-dyna- 
mometer. (Plate II.) 

The principle on which the electro-dynamometer is founded 
is the fact that two neighbouring wires carrying currents 
attract each other if the currents are in the same direction^ 
and repel if they are in opposite directions. 

The instrument as constructed by Messrs. Siemens con- 
sists of a fixed coil of wire (Plate II.) of the shape of a flattened 
ring, and a ring of one or more turns of stout wire sus- 
pended by a spiral spring. The plane of the suspended ring 
in its position of rest is at right angles to that of the fixed 
ring. The two ends of the suspended ring dip into mer- 
cury cups, which allow a current to be sent round it while 
it is still quite free to turn. The wires are connected so 
that a current entering the instrument passes through 
both the fixed and suspended coils. 

The ring suspended by the spiral spring has its upper 
end attached to a nut or button called a ^^ torsion head.'' 
The latter carries a pointer, which, when the torsion head 
is turned by hand, moves over a scale of degrees, and indi- 
cates through what angle the top end of the spring has 
been twisted. 

When a current is sent through the instrument the sus- 

D 2 
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peaded coil Lt deflected, but is prevented moving more than 
about 5° by a stop. The toraion bead is then turned by 
hand until the twist or toraion of the spring, actinj^ against 
the current, brings the suspended ring back to its zero 
position. The number of degrees through which the torsion 
head has had to be turned is a measure of the strength of 
the current. A table is supplied witli each instrument, show- 
ing the number of amperes corresponding to each degree of 
twist. The table is prepared by comparing the indications 
of each instrument with those of an absolute electro dyna- 
mometer,* when the same currents are sent through both 
instruments. Some of the instruments have two fixed coils, 
one consisting of a good many turns for feeble currents, the 
other of a few turns for strong currents. Such instruments 
of course have two reduction tables. 

Thus to measure a current with this instrument, we first 
level the instrument carefully, and adjust it so that the sus- 
pended coil hangs at its zero position. If the instrument is 
in proper order, this will be when the torsion pointer is also 
at zero. We then send the current through it, and then 
tarn the torsion head until the snspended coil returns to 
zero. We then look in the table to see what current corre- 
sponds to the reading of the torsion pointer. 

It sometimes happens that owing to the instrument being 
a Uttle out of order, the torsion head has to bo turned a few 
degrees from zero, in order to bring the suspended coil to 
its zero when no current is passing. When this has to be 
done, the zero error must be subtracted from or added 
to the reading of the torsion needle, to give the amount 
of torsion balancing the current. 

For instance, suppose when no current is passing, that in 
order to bring the coil to zero, the torsion needle has to be 
moved 4° in the same direction as that in which it is after- 
wards to be moved to balance the current ; and that its 
position when the current is balanced is at the 20° mark. 

Then, in order to balance the cuiTent, we have moved the 
toraion needle from 4° to 20°, that is through 16° and onr 



■ See ray "Electrititj." 2nd Edit. vol. ii 
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current will be that corresponding not to 20", but to 16° in 
the table. 

If we had previously had to move the torsion head 4° in 
the opjjosite direction and it balanced the emreiit ab 20°, we 
should have had to move it from — 4° to 20°, i.e. through 
24°; and our current will be that corresponding to 24° in 
the talile. 

The chief advantage of the instrument is that it measurea 
" alternating " currents aa well as direct ones, for the at- 
traction simply depends on thecurrents in the coila being in the 
same direction, and is not affected if they are both reversed. 
This is important, as a large class of the machines used in 
electric lighting give currents whose direction is reversed 
many times a second. It cannot, however, be regarded aa 
an extremely accurate instrument, and is open to the great 
objection that each measurement takes some time, and that 
therefore it will give no information as to sudden or momen- 
tary variations of the current, such as take place when a 
lamp is out of order and the light is flickering. 

Galvanometees. 

If a wire be placed parallel to a magnetic needle, a.s in 
fig. 10, a current passing along the wire t«nds to set 
the magnetic needle at right 

angles to it. If the motion ^ *" 

be opposed by some force such ^^r^ 

as the earth's magnetism, the ^. 

effect of which on the needle 

gets greater aa the deflection increases, the amount of 
deflection will depend on the strength o£ the current ; and if 
the opposing force does not change, the same current will 

always produce the same deflec- ^ 

tion. If the wire, instead of 

passing once over the needle, as 

in fig. 10, passes, say four times 

round it, as in fig. 11, the effect 

on the needle will be four times ng. n. 

as great for the same current. 

By properly proportioning the number of turns and the 
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force tending to bring the needle back to zero, we can con- 
struct a Galvanometer, aa it is called, which wil! conveniently 
measure currents of any strength. 

The RErLECTiKQ Galvanometek. 

For the measurement of very feeble currents, Sir. Wm, 
Thomson's Reflecting Galvanometer (Plate III.) is used. 

Its construction is as follows : — 

Two coils of wire are used, round which the current goes 
in opposite directions. Magnets rigidly connected to each 
other are suspended in each. The similar poles of the 
mag.iets are turned in opposite directions. The directive 
action of the earth or of the setting magnet is thus very 
feeble, aa it is only equal to the diS'erence of the actions on 
the two magnets. The actions of the coils are added 
together. 

The instrument is thus very sensitive. 

The Lamp, Scale, and Mieror. 

To detect and measure small angular deflections of a 

needle, a long pointer ia necessary; but, if a long material 

pointer were attached to the needle, its weight would destroy 

the sensitiveness of the instrument. 

Sir Wna. Thomson has therefore arranged a method by 
which a beam of light is made to act as a pointer of any 
length, and absolutely without weight. 

A circular mirror, about J of an inch in diameter, is rigidly 
attached to the needle. 

A lamp and acale, of which the 
J itf^ ' ~^~^~ "^■'Saa, b^'^k (that is, the side furthest 
■ Bij*|" "■^^■^ from the galvanometer) is shown 
ff \ ^^""Tf ^'^ ^S ^^' i^ placed on the table 

I I'll [|u|l about two feet from the instru- 

ment. The light passes through 
a small opening in the lower part 
of the scale, falls on the mirror, 
. reflected on to the upper 
part, making a spot of light. The 
^'^ '" least motion of the needle and 

mirror, of course, moves the spot along the acale. The 
distance which it moves is equal to that which would have 
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been traversed by tbe end of a pointer wboae radius was 
double the distance from tbe mirror to the scale. 

The aperture through which the light passes is sometimes 
a vertical slit, sometimes a round hole, with or without a 
a vertical wire stretched across it. 

Sometimes the mirror is plane, and the light is brought 
toa focus on the scale by means of a lens. Sometimes the 
mirror is concave, and the lens is dispensed with. 

When the slifc is used, the moving image is a vertical line 
of light ; when the bole is used, it is a bright disc crossed 
by a fine vertical black line, the image of tbe wire. 

The scale is usually divided into millims., and printed 
black on white glazed paper. 

In using a flat-wicked para£Bn-lamp, the wick should be 
placed " edgeways " — that is, at right angles to the scale. 

The position of the spot of light on the scale is adjusted 
to zero by tbe curved magnet seen at the top of Plato III. 

It has a fine and coarse circular motion, and can be raised 
and lowered according as the instrument is required to be 
more or less sensitive. 

Galvanometer Shunts. 

In order to measure other than very feeble currents with 
these galvanometers, " shunts " are used with them, i.e. 
resistances so proportioned that either xinnrf T^j Vo* ^"^ ^^ 
whole current to be measured, can be sent through the 
galvanometer at will.* 

Fig. 13 shows such a set. The wires 
bringing the current are attached to 
the two binding screws, and wires are 
also led from these screws to the ter- 
minals of the galvanometer. 

When the plug is in tbe hole be- 
tween the screws, no current passes 
through the galvanometer.f When it 
is in the hole marked -p-^j, then -^^-„ 
of the whole current passes through the 

* See page 24. Ench galvanometer must have its own 
made for one iniitrumaDt cannot be used with anotlier. 

t A plug «iiould ulnajs be kt^pt in this hole when tbe 




'A 



40 



Electric Lighting, 




galvanometer; when in -^, y^, and when in ^, ^ passes' 
respectively ; and when no ping is in, the whole current 
passes through the galvanometer. One plug only is naed 
at one time. 

The Tangent Galvanometer. 
More powerful currents may be measured in absolute 
units by means of a " tangent 
galvanometer." The form of tan- 
gent galvanometer moat suitable 
to this purpose consists of a single 
ring of wire (fig. 14) of large 
iliameter, fixed so that it stands in 
a vertical plane, and having a small 
compass needle at its centre. To 
use the instrument it must be 
turned round till the zero of the 
scale is opposite the point of the 
needle, i.e. until the ring is in the 
magnetic meridian. 

On the current being sent 
through the wire, the needle will be 
deflected. When we know the diameter of the ring and the 
strength of the earth's horizoutal magnetic force, we can cal- 
culate the current from the iangail of the angle of deflection. 
The tangent of an angle depends only on the angle, and 
will be found in books of mathematical tables, and in the 
appendix to this book. 

If we assume that for England the earth horizontal force 
always has its present mean value at Greenwich,* we shall 
not introduce a greater error than others inseparable from 
the construction of a single ring galvanometer. 

The current C in Amperes indicated by a deflection of 
B degrees, when the ring of the galvanometer is D inches 
in diameter, will then be given by the following formula : — 
C = -362DUnB (31) + 

• H = 1794. 

\ ThU is rtidoced fcom tlie formule 
voL i. pp. 247 and 259, nun el j. 



given in my " Electrioitj," 2nd ed. 
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As D is the same for all experiments with the same 
galvanometer, it will save trouble if the value of '362 D is 
calculated for each particular instrument, and marked upon it. 

For instance, if the ring is 20inches diameter, '362 D = 7*24, 
and for that particular instrument the formula (31) 
becomes, — 

C = 7-24 tan 8. 

Problem : — 

What current is indicated by a deflection of 35° when the 
ring is one foot diameter ? A reference to the tables gives 
us tan 35° = -7002, and from (31) we have,— 

C = -362 X 1 2 X -7002 = 3-04 Amperes. 

If the ring has more than one turn of wire, the number 
of ampSres given by the formula must be divided by the 
number of turns to give the true value of the current, or in 
other words the formula (31) becomes, — 

^^•362Dtai.8 

n 

Where n is the number of turns. 

Another method of graduating a tangent galvanometer 
requires a knowledge of the electro-motive force and 
internal resistance of the battery used to deflect it. 

This method is not so accurate as the first, but is some- 
times useful when the ring cannot be accurately measured. 

The electro-motive force of a Grovels cell has a tolerably 
constant value of 1*9 3 volt. 

The resistance is determined as follows : — 

Let a be the deflection when only the battery and 
galvanometer are in circuit. The current is proportional to 
tan a. 

Now let a small known resistance r be inserted. The 
deflection will be reduced to )8, and the current is proportional 
to tan iS. 

where H is the earth's horizontal force in C.G.S. measure, a the radius 
of the ring in centimetres, and tt the ratio of the circumference of a circle 
to its diameter = 31416. 
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But the electro-motive forces being the same,* the ratio of 
the currents is the inverse ratio of the total resistances in 
circuit in the two cases. 

Let x be the resistance of the battery, galvanometer, and 
connecting wires. 

In the first case, when the deflection was a, x was the total 
resistance iu circuit. In the second, where the deflection 
was /3, the total resistance was x -\- r. 

The ratio of the currents was therefore, — 



tun o.a- = tftn (9 {x -f r). 
(tan « - tan 3) .r = tan 3 . r. 



(33) 



Having thus obtained tho total resistance in circuit, we 
can calculate the value of the deflection in amperes, by 
removing the resistance r, and sending the current from 
several cells through the galvanometer and using the 
formula, — 



(34) 



Where n is the number of cells, and e the E.M.F. of one 
cell For a Grove's cell e = r93 volt, approximately. 

Let 8 be the deflection given by the now known current C. 

We have, — 

C = ^ tan 6 (35) 

whence — 

•"-T^, m 



* The electro -motive force is apt to varj a little irith change of resist- 
aDce, and hence tlie method is not perfect. 
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&, being the constant of the galvanometer, the same 
quantity as the formula (32) gave equal to, — 

362 D 

Example. 

Let us suppose we have a galvanometer given us to 
graduate, and that we use 4 Grove's cells. 

We have first to obtain the resistance aj (eq. 33) of the 
battery, galvanometer, and connecting wires. 

Suppose the deflection to be 40° when the cells are con- 
nected direct to the galvanometer. 

We have a = 40°, and from the tables, tan a = '83909, 

We now insert \ ohm resistance, the deflection will be 
reduced, say to 29°. 

We have ^ = 29°, and from the tables, tan /3 = '55430. 

From (33) we have, — 

^' = •83909^55430 ^ * = ^*^^ ^^""• 

To find the constant of the galvanometer we have from 
(34),- 

4 X 1-93 



C = 



1-47. 



when no extra resistance is inserted. 

But we also found when no resistance was inserted, the 
deflection S was 40°, and tan S = '83909. 

Hence we have using (36), — 

4 X 1-93 _ 
'*^ "• -83909 X 1-47 ■" 

And the formula (35) for this particular galvanometer 
becomes. — 

C (in amperes) = 6*27 tan S. 

If a galvanometer is mach used, it is convenient to 
calculate the value of Ic tan S for each degree, and use the 
table so prepared, instead of making a fresh calculation for 
each experiment. 

Currents exceading 10 amperes may be measured by 
using a shunt (p. 25, fig. 7, and p. 39, fig. 13) and sending 
a known fraction of the current through the galvanometer. 
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PeOFEBSOES AtETON and PbERY's iNaTEDMENTB. 

Professors Ayrton and Perry have devised a series of 
instruments specially adapted for mating the electrical 
measurements required in electric lighting. The conditions 
which they have had in their minda in devising them have 
been the following : — 

First, the instruments must be portable, must be mode- 
rately cheap, and easy to use. 

Second, and this is moat important, they must be " dead- 
beat" — i.e. changes in the quantity which is being measured 
must be instantly indicated by the needle without any 
oscillation. 

Third, it must be easy to calibrate them, and to verify the 
calibration at any future time. 

The Ammeter. 

The instrument they use for the measurement of currents 
ia called the ^mme(er, or ampere-meaaurer, and is a special 
form of galvanometer. It is shown at about three-quarters 
its actual size in fig. 15. 

The case of the instrument is composed of a powerful 
horaeshoe magnet, inside which the needle moves on a 
vertical pivot. A pointer attached to the needle allows the 
deflection to be read on the scale on the top of the instru- 
ment. The horseshoe magnet bo acts on the needle as to 
always tend to bring back the pointer to zero. It gives a 
constant magnetic field independent of changes in the 
earth's magnetism. The needle is deflected by a coil of 
wire consisting of ten rings surrounding it. 

These rings are attached to springs which press on the 
roller seen on the right. When the roller is turned in one 
direction all the rings are connected in series, ao that a 
current entering the instrument goes round them one after 
another, and so passes ten times round the needle. When 
the roller is turned in the other direction, marked " quan- 
tity," the wires are all connected laterally, so that they 
are equivalent to one very thick wire, and the current 
passes only once round the needle. 
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We see that with the " series " arrangement a given 
current has ten times the effect on the needle that it would 
have if the roller was turned to " quantity." We therefore 
USB the aeries arrangement for measuring feeble currents, 
and the quantity arrangement for measuring strong ones. 

The coils and the inside shape of the poles are so arranged 
that the deflection is proportional to the current. 

The needle is deflected right or left according to the 



direction of the current, and it can move through 45 in 
each direction. 

The roller arrangement allows the instrument to be 
easily graduated by means of a few cells of a battery of 
known electro -motive force ; as when the roller is placed 
in the " series " position the current of three or four cells 
produces a considei-able deflection. Its indications may 
uitlier be compared with those of a measured tangent gal- 
vanometer {eq. 32j page 41), or we may use the method of 
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graduating described on pagea 41 — 43. The little plag in 
the front right-hand comer of fig. 15 short-circuits a resist- 
ance coil of one ohm— so that when the plug is removed 
one ohm resistance is added to the circuit. 

To determine the resistance of the battery and galva- 
nometer we use formula (S-3), only instead of tan a and tan 
j8 we use the deflections a and ^ themselves, as in this 
instrnment the currents are proportional to the deflections 
and not to their tangents. 

We also remember that r = 1 . 

The formula (33) then becomes 



(37) 



To obtai 
formula — 



the value of the current we still use the 



while to calculate /.■, the constant of the instrument, i 
becomes 



and the formula for using the instrument i 
(35) to 

C = i8 



(39) 



k 



Messrs. Ayrton and Perry now usually adjust their instru- 
ments so that A- = -^ when the roller is at series, and 2 when 
it is at quantity. 

^ = -^, means that each degree is \ ampere, or that an 
amp^e deflects 5° while fc = 2 means that each degree is 
2 amperes, or that an ampere deflects ^°. 

Problem : — 

(1) With an instrument so adjusted, what current is indi- 
cated by a deflection of 15° when the roller is at series ? 

(39) gives us 




X 15 = 3 amp&i 
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(2) What current will the same deflection indicate when the 
roller ia at quantity ? 

C = 2 X 15 = 30 amperes. 

The inatrameut is absolutely dead-beat, aud the shortest 
variation of the current is shown on it. 

For instance, if a light dynamo Diachine is being driven 
by belting, the needle of the ammeter gives a little jump 
each time the lacing of the belt passes the ptdley. 

We see then that with the series arrangement we ean 
measure currents up to 9 amperes, and with the quantity 
arrangement up to 90 amperes. 

When used for measuring strong currents by the quantity 
arrangement, the wires are to be attached to the screws 
PP; for weat currents with tho series arrangement, they 
are to be attached to S S. The instrument is so arranged 
that it ia impossible to send a strong current through the 
series arrangements as long as P and S are not interchanged. 

When the instrument is not in use, the poles of the 
magnet are connected by a soft iron armature. In order 
that the observer may not forget to take off the armature on 
commencing work, a brass cover for the dial may be con- 
veniently fixed to the armature, so that the dial canuot be 
seen except when the armature is removed. 



SiE Wm. Thomson's Graded Galvamometbb (Fig. 16). 

This is an absolute galvanometer, with a very wide range of 
UBefnlnesSj as the magnet and scale can be moved nearer or 
further from the coil, according to the strength of the cur- 
rent under examination. With a feeble current the magnet 
is placed close to the coil, and a good deflection is thus 
obtained, while with more powerful currents it is moved 
further off, and the deflection is still kept within the range 
of the instrument. Numbers are engraved on the scale 
along which the magnet-holder slides, which are used in 
calculating the value of the current corresponding to a 
given deflection. 

The needle is brought to zero partly by the earth's force 
and partly by the curved magnet shown in fig. 16. 
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In adjusting the instrument, the magnet must be re- 
moved, and the apparatus turned until the needle is at zero 
under the influence of the earth's magnetism, i.e. until it 
lies in the meridian. The magnet must then be replaced 
and adjusted by its screw until the pointer is again afc zero. 
The magnet-holder should be slid along the scale and 
stopped at some exact division which will make the deflec - 
tion somewhere between 15° and 40°. 




To find the number of amperes corresponding to a deflec- 
tion — 

Rule. — Multiply the number of divisions in the deflection 
by the numlier on the magnet, plus" '17 for the horizontal 
intensity of the earth's fisld, aTid divide by the number at the 
division on the platform scale exactly under the front of the 
magnetometer. 

In other words, if we call the scale number (i.e. the 

• The earth's huriiontal magnetic! force varies in different localities. 
The following table gives the number which must bo added to the number 
in the curved magnet when great aecura<;y is required. For ordinirj- 
work the number '17 may be used. 
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number on the base at the front of the magnet and scale) 
S^ the strength of the magnet M^ and the deflection S^ then 
the current C will be given by the formula, — 

^^ajM+:i7 

b 

Example. 

If the strength of the magnet is 12*24, and the magnet 
and scale are placed at the mark 3*1 on the base of the 
instrument, what current is indicated by a deflection of 11° ? 

We have from (40), — 

,, 11 X (12-24 + -17) ..^. 

C =: '\ri = 44*05 amperes. 

Terminal pieces of the form shown in fig. 16 are attached 
to the coil of the instrument, and to the electrodes supplied 
with it. When the electrodes are being removed from the 
coil or from the leads, the two sides of the spring terminal 
piece should come into contact with each other before they 
are out of contact with the plates of the other terminal pieces. 
By attending to this the circuit is not interrupted, and 
hence sparks are avoided. A separate terminal piece, 
shown in the figure with two short wires attached, is also 
supphed, for the purpose of allowing the galvanometer to 
be easily introduced or removed from the circuit. This 
terminal piece is made to form part of the circuit the 
current through which is to be measured. By adopting 
this arrangement the galvanometer can be readily removed 
frt)m one circuit to another. 

Electeo-motive Force. 

If the wires of a galvanometer whose deflection is pro- 
portional to the 
current passing 
through it, be 
attached to any 
two points in 
a circuit — as for 
instance, to the 
wires on the 
two sides of a 
lamp, as in fig. 

Fig. 17. 

£ 
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Yi — Its deAecdoa win be propcsuonal n> tbe dectro-motiTe 
force lieiwei m those two points after the ttarhmefit c^the 
gairmiionecer. If the re^tazice of the galTanometer is 
▼eiy great oompared to time ckf die lamp, its attarhrnent 
win not perceptiblj disiirb the dectro-motiTe force, and 
therefore the deflection win be a measure <^ the dectro- 
mociTe force which is dnring' the cmrent dtrongh tihe lamp. 
For let B be the resisance of the gaHsnometer, E the 
electro^notiTe fovce between the two points where its wires 
are attarhed, and C the current throogh the gahranometer, 
then we hare from Ohm's law (2), page 12, — 

In order to make this ezperimen^ it is rf coarse necessary 
to know what cnrrent in amperes is indicated by a given 
d^ection of the needle. 

Thk Yolxxxtxk (Atkios axd PKaKT-^s Pattkis). 

One of the yarioas Y^tm/den n^d for measoring electro- 
motive forces on this principle is that derised by Professors 
Ayrton and Perry. In appearance it is precisdy mniiTAr to 
the ^infn<>r<>r (fig. 15), bat its cchI consists of a nomber 
of tarns of verr fine wire. 

When the roUer is placed at '' series," the cnrrent goes . 
10 times as often roond the needle, and the resistance is 
100 times as great as when the roUer is at '^ quantity.^' 

The calibration is performed in precisely the same way as 
the calibration of the ammeter, except that in the present 
case the roller is placed at '' qnantity ** for the calibration 
and at " series '' for the actual work, as we wish in work to 
hare as high a resistance as possible, and in calibration to 
send a sof&dent cnrrent through the instmment with a 
moderate nnmber of cells. 

SiK Wm. Thoxsox's VomrrKs ok Potxhtial 

Galyakoxstis. 

Tins instmment is adjusted and used in the same way as 

the ammeter or current-galvanometer described on page 47. 

It is shown in fig. 18, and consists essentially of a coil 



Thomson's Voltmeter. 
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of insulated copper or German silver wire C, the resistance 
of which is generally over 5000 ohms, 6xed to one end of 
a platform P, on which a magnetometer M rests. 

In order to facilitate the use of the instrument, a pair of 
flexible electrodes, about 4 yards long, are supplied along 
with it. These electrodes are shown attached to the instru- 
ment in the fig. (18). The spring chps attached to the ends 
of the electrodes allow the instrument to be readily put in 




contact with two points of a circuit. To prevent a current 
passing through the coil when no reading is being taken, 
a spring key is placed in the circuit of the coil. This key 
should on no account be held long in contact, because the 
coil becomes heated when a current is allowed to flow con- 
tinuously through it, and consequently increases in resist- 
ance, thus causing the indications to be too small. 

To determine the difierenco of potential between two 
points of a circuit, an electrode is clipped on at each of the 
points and then the key depressed and the deflection noted. 
If the deflection bo too great, the magnetometer must be 
pushed to a division further from the coil ; if too small, to a 
division nearer the coil. Hhe number of divisions in. the 
deflection is then to be midUplied by the number on the 
inagneta, plus, say '17* for the earth's force, and diiiided bij 
tJie number at the division of tlie scale on the platform exactly 
under the front of the magnetometer ; the result is the difference 
of the potential in volts. 

In other words, if we call S the scale number, M the 

strength of the magnet, and S the deflection (as in (iO)), the 

• See footnote, page 48. 




Electric Lighting, 

E.M,F., E in volts, corresponding to any deflection will be 
given by the formula, — 

£ = "" + •'" (11) 

Example. 

The magnetometer is at the division marked 1'8, the 
strength of the curved magnet {marked on it) is 11 '37, the 
deflection is 18° ; what is the E.M.F. ? 

We have from (41), — 

E=liiii|j-J')= 1,5.4 „i... 

When the difference of potential to be measured exceeds 
200 voltSj the readings of deflection must be taken as quickly 
as possible on account of the rapid heating of the coil* 
The Caedew Voltmetee. 

Jnst as these sheets are going to press I hare had an 
opportunity of examining an admii-able voltmeter invented 
by Mr. Cardew, which is equally useful for direct and for 
alternating currents, and which appears to be very accurate, 
and which certainly is very sensitive. 

It consists of a long, fine platinum- silver mre of high 
resistance (about 7 or 8 feet long, and '003 inch in diameter), 
one end of which is rigidly fixed, and the othei' is kept tight 
by a spring, and attached to the axle of an indicating hand. 
The ends of the wire are connected to the poles. The current 
heats and expands the wire, and the amount of expansion is 
shown on the dial. The instrument is so sensitive, that if a 
dynamo is being driven by a small engine, every stroke of 
the engine is indicated by a quiver of the pointer. 

RBeiSTAHCB. 

When feeble currents can be used, and when the resistance 
under examination is constant, i.e. does not alter with the 
current, the best method of measuring it is that known as 
" Wheatstone's bridge," t 

• Tables of corrections to apply for the heating are eupplied with the 
inBtmmenta, but are not much used. 

t Let T be the resistance of each of the 10 coils. When they 
series the refiistance ia (from 19) 10 r ; when they : 
resistance '» (from 18) I'j r. 



ley are in , 

intity the I 
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The theory of it is given in my ^^ Electricity/' * 

The following are practi- 
cal rules for its use. 

Fig. 19 is a diagram of 
the connections. 

Three known resistances 
and the resistance x to be 
measured, are connected so 
as to form the four sides of 
a square. Two diagonally 
opposite corners of the 
^^^' ^®* ' square are connected to the 

poles of a battery, the other two to those of a. sensitive 
galvanometer. It is indifferent to which pair each is con- 
nected. 

The resistance R is then varied, and we shall find that at 
one particular value of R there is no deflection of the 
galvanometer. 

When this is the case, the products of the resistances of 
opposite sides of the square are equal, or 

Sa? = *R (42) 

whence 



«=SR 



(43) 



The relative values which we must give to s and S are 
determined by the range through which we can vary R, and 
by the relative magnitudes of R and x. 

In an ordinary ^^resistance-box'' R can be varied from 
1 ohm to 10,000 ohms, and s and S can each be made either 
10, 100, or 1000 ohms. 

If we knew that x was under 10 ohms, we should pro- 
bably put a = 10 and S = 1000. If then we found there 
was no deflection when R was 721 ohms, we should know 
that our resistance was 

» = j^ 721 = 7-21 ohms, 
and we have thus measured x to y^ of an ohm. 



* 2nd edition, vol. i. p. 247. 
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If z -was 6000 or 7000 ohms, we ehonld probably put 
S = 1000, s = 1000 ; aod then if we found R=6475 we 
shonld hare 



Lastly, if x were over half a mUlion ohms, we should put 
8=10, «=rlOOO; and sappose B were 8452, we should 
have 

3! = ^8«2 = 845,200 ohniB. 




We see, therefore, with coils snch aa we have mentioned 
»e can measure from -^ ohm to 1,000,000 ohms. 
In practice the Bridge shape ia not nsed, but the resist- 
ances are arranged 
in a "resistance- 
bos" (fig. 20). On 
the lid of the box 
are brass blocks of 
the shape shown in 
plan in fig. 21. 
Fig ai. These can be con- 

nected by brass plugs inserted at the points a,h - - -. 
^ 6 b ^^ resistance-coils in the 

l^ \ r ^ [ i i > ( ^ box are connected to the 

\— — ' V ' ■■ ' ' ' ^ — -? brass blocks in the manner 

^'^^'- shown in fig. 22. Thus, 

when the plugs are inserted the current passing through 
them meets with no resistance. When any one is removed, 
the current has to pass 
through the resistance- 
cod under it. 

The value of the re- 

^'s- "2. sistance at each opening 

is marked on the lid of the box, as shown in fig. 23. Thus 

the resistance unplugged is the resistance in circuit. Fig. 

23 represents a resistance-box arranged for bridge measure- 



^fe 
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ments. The arrangement is precisely similar electrically to 




Fig. 23. 

that shown in diagram in fig. 19^ as may be seen on 
comparison of the two figs.^ noting that the same letters are 
nsed for the same parts in both. 

The arrangement of the resistance R should be noted, 
by which, with only sixteen coils, any resistance from 1 ohm 
to 10,000 ohms can be inserted. 

In making up any required resistance, the largest number 
possible should be used first. As fig. 23 is drawn, we have 
«=10, S=1000, and R=2163, whence when the galvano- 
meter is unaffected 

a; = 21*63 ohms* 

Besistakce with Stbong Cuebents. 

When, as in the case of electric light measurements, 
the passage of the current considerably alters the re- 
sistance, it is necessary to use some method by which the 
resistance can be measured while a powerful current is flow- 
ing through it, and in which it is not necessary to start and 
stop the current in the course of the observations. 

Resistance can be determined by simultaneous observa- 
tions with the ammeter, or with a tangent galvanometer, and 
with the voltmeter or other suitable high resistance gal- 
vanometer, for the ratio of the two quantities determined is 
the resistance required. Thus if B be the E.M.P. in volts, 
between two points in the circuit, and C the whole current 
in ampdres, the resistance between these points is given by 
the equation, — 
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(3)- 



This method is particularly useful for the measurement of 
the resistances of electric lamps, which are quite different 
when they are hot and when they are cold. 

Problem. 

A certain incandescent lamp requires 42 volts, to send a 
current of 1 '4 ampere through it, what is its resistance with 
that current ? 

We have from (3),— 



R = 



= 30 ohm: 



The Ohmmetee. 



« 



Professors Ayrton and Perry have arranged an instrument 
which they call the Ohmmfitey (fig. 24), in which the needle is 




deflected by a coil carrying the main cuncui, iiod i^o oorre- 
Bponding to the coil of the ammeter, but is brought back to 
zero, not by a constant permanent magnet, bat by an electro- 
magnet woand with fine wire, and connected in the same 
manner as the coil of the voltmeter. The amount of deflec- 
tion depends on the ratio of the currents in the magnet and 
• Page 13 
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in the coil respectively, that ia, on the ratio of the E.M.F. 
to the current, and bo measures the resistance between the 
two points where the ends of the magnet wire are attached. 
By properlj adjusting the shape of the pole pieces and the 
position of the coils, the deflections of the instrument are 
made proportional to the resistance. 

Fig. 25 shows the connections. 

As at present constructed the magnet wire has about 




i 






1 


h 


700 ohms resistance, and the deflecting coil about -003 
ohm. 

It is found that owing to the residual magnetism the 
needle does not return to zero between different observa- 
tions, but remains in a position depending on the last 
resistance observed. This, however, does not affect the 
accuracy of the observations. The readings are to be taken 
from the zero marked on the scale, and not from the position 
of rest. 

Thus if the needle indicates 20° in a particular observa- 
tion, we know that the resistance under examination is that 
correspondiog to 20° deflection, whether the needle before 
the observation rested at aero or at 1 0° or at 30°. 


1 





Thi Eucmc- 
Fra&eaon Ajiton and Perry have urranged a 
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ment (fig. 26) in which the needle shows the amount of 
attraction between a fixed coil carrying the main current 
and a suspended coil of high resistance, which is connected 
to the two sides of the lamp like the coil of the voltmeter. 
The attraction between the two coils is proportional to the 
product of the currents in them, or to the product of the 
main current into the E.M.F., that is to the horse-power. 

The fixed coil is wound with 10 turns of wire, which can 
be connected, either in quantity or series, by means of a 
roller exactly like that used in the ammeter and voltmeter. 

The fine wire coil has 700 ohms resistance, and is placed 
vertically in the centre of the fixed coil. It turns freely on 
a jewelled pivot. 

In some of the instruments a cog-wheel on the axis gears 
into another carrying an aluminium pointer so as to mul- 
tiply the angle' of deflection 6 times. The pointer is brought 
back to zero by means of two spiral springs like those used 
in chronometers, one on the axis of the turning coil and one 
on the axis carrying the pointer. By means of a lever one 
of these springs can be detached so as to increase the sen- 
sitiveness of the instrument. 

The total range of the pointer is 270°. When the coils 
are in series and only one spring connected, ^ H.P. moves 
the needle over the whole scale, or 1° corresponds to 
j7^oo H.P. When the coils are in quantity and both springs 
connected, a deflection of 270° corresponds to 6 H.P. 

We see, therefore, that the instrument will indicate from 
^y^TT H.P. to 6 H.P. 

The instrument is graduated in exactly the same manner 
as the ammeter, by means of the roller and the resistance- 
coil, whose plug is seen at the left front part of fig. 26. 

Thus to sum up, — 

The Ammeter measures C. 
The Voltmeter measures E. 

E 
The Ohmmeter measures the ratio j^z=. E.* 

The Electric-power-meter measures the product EC = 746 HP.* 



* I have no experience of the practical working of these two instru- 
ments. 
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We again notej that by means of the first two instrumenta 
it is poEsibte to ealcalate the last two quantities, if the 
measurements are made simultaneously. 

Meabdhkmbnt of Alteenating Ctjerents. 

The strength in amp&res of an alternating current can 
be measured by the Siemens dynamometer (page So). This 
instrument is excellent for measuring the powerful currents 
in arc lamps or in groups of incandescent lamps, but it is 
not quite so satisfactory when used for the measurement of 
the currents under 2 amperes used by single incandescent 
lamps. 

The mean E.M.F. of an alternating current can be 
measured by means of the Cardew voltmeter, or an electro- 
dynamometer of high resistance might be used, in the same 
manner as the voltmeter. 

For measuring the H.P. expended in any part of the 
circuit, Ayrton and Perry's Electric -power -meter might be 
used : owing, however, to self-induction,* neither the power- 
meter nor the high resistance dynamometer are quite 
satisfactory .f 

In my own experience I have found that a useful 
way to measure the electric current, electro -motive force, 
or horse-power used in an incandescent lamp by an 
alternating current, is to note the candle-power exactlyj and 
then to bring the same lamp to the same brightness by a 
Grove battery or by a direct-current machine, and to make 
the necessary measurements on the direct current by the 
methods already described. 

The battery is preferable to the machine for some reasons, 
but the machine has the advantage of being always ready 
in the factory, and can be started by merely pulling a lever, 
whereas 30 or 40 Groves cells take perhaps an hour to set 
op. With the battery the current is regulated by altering 
the number of cells ; with a machine it is adjusted by intro- 
ducing different resistances, or by varying the speed, if the 
machine is driven by an independent engine. 

• See Chapter IX. 

+ The Cardew yolttneter is pracliuallj not affi'cted by self-induction. 
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CHAPTER VI. 

INCANDESCENT LAMPS. 

The class of lamps known as '* incandescent ^^ consists 
of a thin filament or wire of carbon enclosed in a glass 
globe from which the air has been exhausted. 

On a suitable current of electricity being sent through 
the filament it becomes white hot, or incandescent, and 
gives a light of from 1 to 100 candles according to its 
surface, and for a given surface according to the tempera- 
ture to which it is raised. For a given temperature the 
durability of the filament depends on its uniformity, and on 
the completeness with which the . air has been exhausted. 
Below a certain temperature, nearly corresponding to that 
of melting platinum, a well-made filament in a good 
vacuum is very durable. Under these conditions, lamps last 
six or twelve months of ordinary domestic work. 

The chief incandescent lamps now in actual use are the 
Swan, Edison, Maxim, Lane-Fox, Woodhouse and Rawson, 
and Crookes. They differ from each other in the methods 
of preparing the carbon filaments and in other details. 

Each inventor has patented his processes of manufacture, 
but I shall purposely abstain from expressing any opinion 
as to the validity of some of the patents. 

I propose to give a general description of one or two of 
the lamps which may be considered as typical ones, and to 
describe some of the processes used in their manufacture. 

I shall, however, avoid technical details as much as 
possible, partly because I have not practical experience of 
the processes, and partly because it is not so much impor- 
tant for electrical engineers to be prepared to manufacture 
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lamps, as to be able to erect and manage thetn when they 
are supplied by the present manat'acturers. 

The first public exhibition of incandescent lamps that waK 
made in this country was inado by Mr, Swan before the 
Society of Telegraph Engineers on November 24, I88O. 
The first exhibition iu America was made by Mr. Edison. 

Incasdescent Lamps. — Thk Carbon. 

In all incandescent lamps the filament consists of a thread 
of some vegetable substance which has been carbonized 
by heat. 

The Tkeminals. 

The ends ot the filaments are connected to two plati- 
num wires, which pass through the glass and are melted 
on to it. Platinum is used as, its expansion rate being 
about the same as that of glass, the latter does not 
cnuik in cooling. 

The ExHitrsTioN. 

The life of the lamp depends in a large measure on the 
goodness of the vacuum. In order to get a good vacuum, 
various modifications of the Sprengel mercury-pump have 
been made, all having for their object to fit an instrument 
hitherto only used in laboratories to the more rapid pro- 
cesses of the factory. 

Hot Exhaustion. 

It was soon found that however perfectly the lamp was 
exhausted when cold, yet that the first time a current was 
sent through it a quantity of gas was driven out of the car- 
bon itself, which injured the vacuum and caused the speedy 
destruction of the filament. 

To surmount this difficulty the following plan was adopted, 
first, I believe, by Swan, and is now used by all makers of 
incandescent lamps. While the lamp is still attached 
to the pump a current of electricity is sent through 
the filament, sufficient to raise it to a somewhat higher 
degree of incandescence than will be used in actual 
work. All the gas driven out of the carbon is at once 
removed by the pump, and the lamp is sealed while the 
current is still passing. 
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The Swan Lamp. (Plates IV. and VI.) 

The first incandescent lamps exhibited in England were^ 
as we said before^ those shown by Mr. Swan to the Society 
of Telegraph. Engineers on November 24^ 1880. The form 
of lamp then exhibited is shown in Plate IV. It has been 
greatly improved upon since^ but the old form is of so 
great an historical interest that I have given a somewhat 
foil deBoription of it. 

Plate IV. shows an old Swan lamp of 25-candle power, fall 
size. Fig. 27 shows some of the details of it on an 
enlarged scale. 

The Filament. 

The filament consists* of a flat plait or round 
thread of cotton^ which is parchmentised by 
immersing it in a mixture of two parts of sul- 
phuric acid to one of water. The thread is left 
ill the acid jost long enough to efEect the 
required change^ and then removed^ and quickly 
and thoroughly washed in water, so as to remove 
the last trace of acid. 

This operation has the effect of completely 
destroying the fibrous character of the cotton^ 
BO mnch so that the parchmentised thread after 
drying becomes smooth and transparent like 
silkworm gut. Before it is carbonized^ the 
parchmentised thread is passed through dies, 
which reduce it to a uniform cross section. It 
is then wound on rods of carbon or earthen- 
waee^ so as to give the required form to the 
filament preparatory to carbonization. The 
most usual form so imparted to the filament in 
this manner is the loop and spiral represented 
in Plate V. 

The ends of the filament are thickened, by 
having either more thread or some bibulous 

* Swan's Specification, No. 4933, Nov. 27, 1880.— All specifications are 
published by the Commissioners of Patents, Sale Department, 38, Car- 
•itor Street, Chancery Lane, E.C. 
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paper woaod ronnd them, either before or after the t 

ifl carbonized. The thickened part is carbonized in the 

same maniier as the filament itself. 

Carbonization of the delicate filaments wound ronnd the 
rods as described is effected by burying them in a mass of 
powdered charcoal contained in a crucible, and then 
raising to a very high temperature in a furnace during 
several hours. 

In mounting the filaments, the thickened ends are inserted 
into split metal tubes, which are made to clip them tightly 
by means of a sliding ring. The two tubes are continued 
as half-tubes, as seen in fig. 27 and in Plate II., and form 
the conductors by which the current is conveyed to the 
carbon. They are supported by being tied to a glass rod 
which forma part of the neck of the lamp. Platinum wires 
are attached to the upper ends of the metal tubes, and 
pass out through the glass, being melted into it. In order 
to prevent any leakage, little platinum caps were fixed to 
the wire just where it cornea through the glass, and 
melted on to the glass outside. 

Tbe reason of having so long a neck to the lamp, was that 
it was thought if it were shorter sufficient heat might be 
conducted from the carbon to the platiuum wire and cap 
to risk cracking the glass. 



The ExHAuaTioH. 

In order to exhaust the air, a tube, with a narrow neck 
or contraction in it, is left attached to tbe globe. This 
is connected to a Sprengel or other suitable air-pump. 
After the lamps have been under exhaustion for about 
half an hour, the vacuum is tested by an induction 
coil, and if found to be non-conducting, tho blow-pipe is 
again applied at the point of junction of the lamp with the 
exhaust tubes, and the two are gently drawn asunder. This 
is 80 managed that a very short spike is left at the point of 
severance. This spike forms the little point seen at the 
bottom of Plate IV". 
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The Aie-Pdmp (Stisaek's Improved Sveenoel). 
(Plate VO 

The ordinary Sprengel pump consists of glass tabea 
down which mercnry flows in a broken stream or in dropB. 
Near the top of the tubes are side openinga connected to 
the chamber to be exhausted. Air enters from this chamber, 
and becoming compressed between consecutive mercury 
drops, is carried away, and the process is repeated until the 
chamber is completely exhausted. 

In the ordinary form of the Sprengel pump the action is 
very slow, particularly in the later stages, and as the 
mercury at the bottom end of the tube is exposed to the 
atmospheric pressure, the tubes have to be over thirty inches 
high, in order that the weight of the column may overcome 
that pressure. 

In Mr. Steam's improved form of the pump {Plate V.), 
used in the manufacture of Swan lamps, the mercury ia 
automatically raised to the overflow level by atmospheric 
pressure, the atmospheric pressure upon the outgoing 
mercury being decreased by connecting the outflow tube to 
a vacuum produced by an ordinary mechanical air-pump. 

Plate V. shows Mr. Stfiarn's pump in detail; its action 
is as follows: — 

Mercury is put into the outer tube on the right till it 
nearly fills the bulb T. It is prevented from rising on the 
left hand tube by the valve v. The inner tube I passes 
through an air-tight stopper at s. 

The tap B is first opened so as to remove the greater 
portion of the air from the bulbs T, U, r, and F. 

B is then closed and A opened. This causes the mercury 
to spout up through the tube i into the bulb U, whence it 
flows through the vessel r and out of the jets j, and 
through the fall tubes /, carrying with it the residue of 
the air and also the air from the lamp-tube I and from the 
lar.ips LL. The air thus sent into the reservoir F is 
drawn thence through B to the vacuum chamber by the 
mechanical pump. By the action of an automatically 
worked two-way cock, A is periodically and alternately 
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comiected to the atmoEphere and to a vacaum chamDl 
in which the vacuum 19 maintaiQed by the actioa of a 
mechanical pnmp, 

This causes the vaJve v to alteraately open aud close, 
and, consequently on this periodical action, the mercury flows 
through the overflow tube, and in this way a continual 
supply of mercury is given to the fall tubes. 

d is a diying tube to Temove moisture. The trough at 
the bottom of the pump is to catch the mercury in ease of 
a tube bre 



MOUNTINQ. 

For convenience in attaching the lamp to the wires bringing 
the current to it, the stem of the old lamp (Plate IV.) was 
enclosed in a cardboard tube about \ inch thick. Brass 
springs attached to the two sides of this were connected 
respectively to the two platinum caps, by means of the little 
screws seen at the top of Plate IV. 

At the end of the wall-bracket or other stand which 
carried the lamp was fixed a wooden tube, into which the paper 
tube on the lamp just fitted. Inside this wooden tube were two 
metal plates, to which were attached the wires supplying the 
current. 

When the lamp was put into position, by having its stem 
slid into the tube, the springs pressed on the metal plates, 
and at once made the connection. 

We see that in case of a lamp breaking down, it could be 
removed and a now one substituted by any servant, and 
without the necessity of employing a person who under- 
stands electrical connections. The lamp can of course be 
used either side up, or horizontally, or in any other position 
that is preferred. 



Efficiency. 

The 20-caudle lamps of the old pattern had each a re- 
sistance of from 45 to 1 60 ohms when cold ; or 25 to 75 ohms 
wheii hot. They required fi-om 1 to I i amperes of current, 
and 30 \a 00 volts E.M.F. 
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To determine the horse-power absorbed in a lamp we 
make nse of equation (7)^ page 15^ — 

_EC 

For example : What horse-power is expended in a lamp 
reqniring 45 volts and 1*5 ampere ? 
We have from (7),— 

H.P.= ^^- = 091, 
or a litUe less than -^ H.P. 

CUBBENT, B.M.P., AND COPPEB. 

The horse-power expended in a lamp depends on the 
prodnct of the current into tte electromotive force at 
which it is supplied^ and is therefore the same as long as 
the product is constant^ whether the E.M.F. is small and 
the current large^ as in the old pattern, or vice versa. We 
note that the higher the resistance of the filament, i.e. 
the longer and thinner it is, the more E.M.F. is required 
to drive the current through it, and the less current is 
required to produce a given quantity of energy in the form 
of heat and light in the lamp. 

The quantity of copper required for a conductor of given 
length depends only on the current it has to carry, and not 
on its E.M.F. We thus see that every improvement in the 
lamjfs which enables the filament to be made thinner and longer^ 
end so diminishes the current used, proportionably diminishes 
the quantity of copper in the mains. As this copper is one 
of the most expensive items in an electric light plant, 
improvement in this direction is extremely important. 

Tm New Swan Lamp, 1883 Pattbbn. (Plate VI.) 

Since the introduction of the original Swan lamp, sevei*al 
modifications have been made in its form and other details. 
Plate YI. represents the latest form, in which the filament is 
much longer and thinner than in the old pattern, being 
about five inches long and *005 inch in diameter. It 
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requires an B.M.F. of 100 to 120 volts to bring it to normal 
incandescence of 20 candle-power. 

Peocess op Manufacture. 

Figs. 28 to 33 sliow the manner in which the several parts 
of the new Swan lamp are put together. 

The filament is attached to its platinum wires 
and mounted on a glass bridge, as in fig. 28^ little 
beads of glass being also formed on the wires 
where they are to pass through the walls of the 
lamp. 

Pig. 28. The globe is blown as in fig. 29, and with a 
sharp file is cut into two pieces, as in fig. 30. 






Fig. 20, 



Fig. 30. 



The carbon and platinum wires are inserted, and the latt^:" 
fused on by the blow-pipe, as in fig. 31. 




Fig. 31. 
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The two portions of the globe are joined again by 
the blow-pipe, as in fig. 32, and the lamp is completed 





in the form ahown in fig. 33, and is ready to attach to the 
pnmp. 

The following are the resalts of some experiments in the 
efficiency of the new Swan lamp : — 
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It will be noticed tliat in the new types of Swan lamp the 
connection between the platinum wires and the carbon fila- 
ment is altered from the original type. The carbon filament 
is in the new types connected directly with the platinum 
wires which pass tbrongh the stem of the glass bnlb. 

The Holder. 

A great numbei- of holders of different forma are in ase. 
The one which I have adopted, after experience of a great 
many, is shown in Plate VI., about fall size. It consists of 
a block of box-wood, to which is fixed a spring wire with a 
ring which goesroundtheneckof the lamp, and two springs, 
one of which hooks into each of the platinum rings of the 
lamp. These contact springs are attached to little brass 
binding screws at the sides of the wood. 

It is important that both the contact wires should be 
springs, as if, as was the case in some of the earlier holders, 
they are made simple hooks, then the pressure of the spring 
which holds the neck of the lamp secures a good contact 
with one terminal only, and any vibration breaks contact at 
the other. M 



Swan's Incandescent Lamps. 

Special Lamps. 
pFiga, 34 and 35 represent miniature lamps mounted for 
surgical purposes. In these lamps water circulates 
in the space between the lamp itself and an outer 
glass tube, to keep the lamp cool enough to permit 
of its introduction into the internal parts of the M 
living body. Miniature lamps have been set ir "'" 
brooches and shirt studs and also made to form thi 
petal of an arti6cial flower. Fig. m. 

? Lamps somewhat larger than these, of about 2^ 
candle-power, in connection with small portable 
accumulators of two or three cells, have been used 
for stage effects. 
Swan lamps have been made with the carbon 
filament ao short that two volts have sufficed for 
Fig. 36. rendering them incandescent, and which can there- 
fore be used with one or two cells of a battery. Mr. Steam, 
the coadjutor of Mr. Swan, has applied such lamps to the 
microscope. 

Fig. 36 represents a microscope lamp mounted on a 
stand. 





Electric Lighimg. 

Swan's Minee's Lamp. 

Pigs. 37 and 38 illustrate a lamp arranged by Mr. Swan 

for use in fiery mines. The ordinary lamp is enclosed in 

a massive globe of very thick glass, surrounded by wire 

guards. In case of the lamp itself being broken, the air 




rig. HI. Pig. M. 

in the outer globe would aufSoe for the combustion of 
the carbon filament, and would at once extinguish the light. 
The only danger attending the use of this lamp is, that if 
the wire bringing the current to it were to be accidentally 
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broken, a spark would occur between tbe broken ends and 
might fire the mine; or a apark might be produced if the 
naked wirea were exposed, and metallic connection acci- 
dentally made and broken between them — as, for instance, 
by a man dropping a pick or drill upon them, and picking 
it Dp again. To guard against these dangers the wires 
are made very strong, and are very thickly covered with 
insulating material. 

The lamp is also need by divers in submarine work, 

Tbb Bdiboh Lamp. 

The Edison lamp is shown in fig. 39. The carbon 
filament is generally prepared from a strip of bamboo, which 
is cut to the right shape, and has thickened ends left on it. 
Sometimes it is made from paper or cardboard. 

Whatever substance is nsed is carbonized by being placed 
in a crucible surrounded by powdei-ed charcoal, and raised 
to a high temperature in a furnace. 

There is an essential difference between the Swan 
filament and the Edison. In the Gdison filament the 
cellular structure of the fibrous material is preserved. 
IntheSwanitisefiacedby the process of parchmentization. 

The thickened ends being cemented on to 
the platinum- wire, the joints are electro- 
plated with copper to ensure good contact. 

The lamp is exhausted in much the same 
mannei as the Swan lamp. 

The method of connecting the lamp to the 
line wires is as follows. The screw, and 
tiie conical collar seen just above it in fig. 
39, are insulated from each other, and are 
connected respectively to the two ends of the 
filament. The screw socket in the wall 
bracket is connected to one of the line 
wires, and a hollow metal cone just above it 
is counected to the other. On the lamp ^'^' **" 

being screwed inS^ its socket, one contact is completed 
through the screw, and the other through the cones, which 
press one into the other as the lamp is screwed home. 
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The lamps are at present ma^de in two sizes of S-candle 
and 16-candJe power respectively. 

The following are details of experiments on six of the 
16-candle Ediaon lamps : — 



Lamp. 


^ow'^?: 


Cold. 1 Hot. 


Volts M 
Lamp. 


Carrmt. 
Ampferea. 


Xipenaed 


Efflclmcj-. 


« 


8 


105-3 fl8-8 


51 


■868 


■0593 


135 


S 
8 


97--7 57 
95-8 1 68-4 


51 

51-5 


■896 
■882 


■0612 
■0609 


131 
131 


.if 


16 


257-tJ 144-2 


105 


■728 


■1024 


156 


«t 


16 


2727 150-7 


105-5 


■700 


■0989 


162 


16 


243-5 141-6 


105 


■742 


■1044 


154 



This gives an average of 145 candles per H.P. expended 
in the lamp. 

Efficiency and Durability. 

In comparing the amount of light per horse-power given 
by different incandescent lamps, we must remember that we 
can increase it up to almost any amount we please by 
working the lamp at a higher temperature, only by so doing 
we reduce the life of the lamp from six months to perhaps 
three months, or a few weeks, days, hours, or minutes. Only 
experience can show ns what is the most economical 
temperature to work at, having regard both to the cost and 
trouble of renewing the lamps, and to the cost of the electric 
current which works thera. This, "the temperature of 
maximum economy," will vary with the price of coal, being 
highest in places where coal is dearest, and i-i'ce versa. It will 
belowest of all where water power is used instead of steam to 
drive the dynamos. 

TEMrBRATDRE ScAJ.B FOR INCANDESCENT LaMPS. 

The efficiency of a lamp depends .on the temperature to 
which it can be worked. Wo have, however, no means of 
measuring these high temperatures on the ordinary scales ; 
nor, if we had, would it be of much use to ua. 

I have therefore suggested * that the temperature of the 
filament of an incandescent lamp could be measured by the 
ratio of the horse- power expended on it, to its surface; f and 
• Electrician, Jan. 14, 1882. t See Eq. (30), page 79. 



The Maxim Tamp. 



75 



that companies, if they were to give gaarantees of durability, 
might write them iu the form : — " These lamps will last for 
six months, at a temperature not exceeding such-and-such 
a horse-power per square inch of surface." 

A lamp with an efficiency of 150 caudles per H.P. would 
use about 1 H.P. per square inch of surface. 

Example. 

A 15-candle Lane-Fox lamp has a surface of yV square 
inch, a resistance of 45 ohms hot, and takes a current 
of 1'3 ampere. Prom equation (4) we have, — 



H.P. = - 



"74C 



= y- almost eiftctlj. 



Thus 10 lamps give 150 caudles, have 1 square inch' 
face, and take 1 H.P. to work them. 




Thb Maxim Lamk 
\. 40 shows the Maxim lamp mounted on a wall-bracket. 



blatni 
^^^^ carbo 
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Figa. 41, 42 show the method of attaching the carbon to 
its supports. The ends of the carbon are flattened, and are 
held by nuts. As it is difficult to obtain a good contact 
Detween platinum and the hard carbon of which the lamp 
filaments are made, Mr. Maxim introduces washers of soft 
carbon between the filament and the nut and bolt. 



In the Maxim system the filament is cai'bonized by heat- 
ing io the nsual way, but during the whole process it is kept 
surrounded by au atmosphere of gasoline or other gas rich in 
carbon ; and when the lamp is completed and has been ex- 
hausted, gasoliue vapour is let in and pumped ont again. 
When this has been repeated two or three times every trace 
of oxygen is removed from the globe, and the residual gas in 
the vacuum is pure gasoline. 

Fig. -1.3 shows the arrangement used for carbonizing. 
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There ia a flat crucible, in which the cardboard strips, pre- 
viously cut to the right shape, are placed. Tliey are laid 
between sheets of cardboard, and these again between metal 
plates. The metal plates are somewhat smaller than the 
crucible, so as to allow the carbon gas to circulate round 
them. The layers of metal and cardboard about two-thirds 
fill the crucible, which is then filled up with sand. 

The gas ia supplied by causing ordinary coal gas to 
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Tiubble through a, bottle, containing gasoline or other 
volatile hydrocarbon oil. 

" The carbonizer thus filled is placed over a gas flame or 
upon a stove, and heated to a temperature sufficiently high 
to expel the aqueons vapour contained in the pores of the 
material, but not sufficiently high to char the material to 
any considerable extent, and the carburetted gas is admitted 
to the carbonizer through the pipe a, fig. 43, and ignited, where 
it escapes through the sand at the top. After the material 
has been subjected to this heating for a considerable time, 
say ten or twelve hours, the carhonizer is placed in a muffle- 
furnace and raised to a white heat, aud kept there until all 
the material is thoroughly charred, the gas being all the 
time supplied to the carbonizer through the pipe, and cir- 
culating about the forms so as to envelope them on all sides. 

"The function of the gas during the first part of the 
process is to all appearance to permeate the pores of the 
material and drive out the aqueous vapour aud air contained 
in them as far as possible ; and its function during the 
latter or charring part of the process seems to be to pro- 
tect and consolidate the carbon of the material. When the 
hydrogen and other constituents are dissociated from the 
carbon of the material by the heat of the furnace, the 
surrounding hydrocarbon vapour or gas is also apparently 
decomposed; and some part of the carbon thus liberated, 
especially that which is contained in the pores of the mateiial, 
is apparently deposited upon the carbon of the forms, and 
serves to consolidate it. The hydrogen when liberated does 
not corrode the carbon of the forms ; but if it has any ten- 
dency to again take up carbon, probably unites with some 
part of the free carbon liberated from the gas or vapour."* 

When the lamp is completed, the first effect of the 
passage of the current is to decompose the trace of vapour 
left in the globe, and deposit the carbon from it on the 
heated filament. The inventor considers that "an almost 
absolute vacuum is thus established in the globe." 

As the hottest points in the filament are the points where 

it is thinnest, and therefore weakest, more carbon will be 

• Mu»im'-t Spetifiofllion, No. 16-11), April 21at, 1880, 
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deposited on these points, and therefore the action tends to 
correct any uiieveuness in the carbon. 

It has been frequently stated that Maxim's lamp can be 
ran at a higher temperature — that is, can give more light 
per horse-power — than either Edison's or Swan's. This may 
possibly be the case, but I am not aware of any esperiments 
confirming this view. It ia true that Professor Ayrton * 
has published an account of experiments where these lamps 
were run at enormous temperatures, and had a corre- 
spondingly high efficiency. The experiments) however, only 
lasted a few minutes, and the temperatures were generally 
increased until the lamp broke. The figures obtained from 
them therefore give no information as to what would be 
the efficiency of the lamp at its normal temperature — or, in 
other words, at what temperature a company would work 
the lamp, if they were giving a guarantee that it should last 
six months. 

The Lank-Fox Lamp. 

Mr. Lane-Fox's process is probably not very different 
from that adopted by other manufacturers. As it happens, 
however, that I have had an opportonity of inspecting it 
somewhat closely, I will describe it in detail, not saying 
that it is better or worse than other processes, but as an 
illustration of what the general natui-e of all the processes is. 
The filaments are usually prepared from the fibres of the 
bass broom. 

AboatlOOpiecesof fibre, cut to the right length, are bent 
round a block of carbon, and 
secured to it by winding string 
round, as shown in fig. 44. 
Some fifty of these blocks are 
prepared, and placed in layers 
one above another in a crucible, 
all the interstices between them 
being filled with powdered 
' the crucible is filled up to the 

[¥!■, November 25, 1881. 
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The crucible ia then placed in a small furnace (Plate VIL), 
and the temperature gradually raised up to full white- 
jieBs. The crucible, with its contents, . 
is kept at a full white heat for some | 
twenty minutes, after which it is 
allowed to cool. On being taken out, 
the fibres are found to be converted V 
into hard carbon of a rough, porous 1 
texture and of high and unequal \ 
resistances. 

Plate VII. shows the details of the 
arrangements of the furnace used by I 
Mr. Lane-Pox as constructed by Messrs. 
Fletcher. 

We note that there is a perforated 
diaphragm which causes the draught 
to circulate evenly round the crucible. 

A furnace and crucible of the size 
shown will carbonize about 5000 fila- 
ments at one heating. 

The next process is to gauge the fibres with a wire gauge 
reading to -jinnr ^°*^^ (^S- ^^) J t^ey are then sorted, so that 
all of the same diameter are placed together for the making 
of lampa of the same radiating surface. 

If S be the surface, L the length, and D the diameter, we 
have, — 




S = 31416 DL 



(44) 



Example. 

A filament is 2 inches long and -018 inch diameter, what 
is its surface ? 

We have from (44), — 

S = 3-1416 X '018 X 2 = -1031 of a square inch. 

The next operation ia the equalizing of the resistances, 
and the hardening and smoothing of the carbon. This 
is accomplished by means of what is called i 
bottle. 

The carbons are placed, one by one, with their two f 
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in two spring clips, ao that a current can be sent through 
them. These clips are fixed into a cork, so that they can 
be placed inside a bottle, through which a stream of 
coal-gas is constantly flowing. 

On a current being sent through the filament so as to 
render it incandescent, carbon from the gas commences to 
deposit on it, and the filament becomes denser and smoother, 
and its resistance rapidly diminishes. The process is 
stopped when the resistance has reached exactly the desired 
amount. As the resistance diminishes, the brightness of 
the light given by the filament in the flashing-bottle 



When the workman, judgiug by the light, considers that 
the resistance has reached its proper value, he removes the 
filament from the bottle and tests its resistance (cold) by a 
Wheatstone's bridge. After a little prat;tice the workmen 
are able to obtain the resistance correct to about one ohm, 
by judging the brightness of the light, in one or two tries, 
or "flashes," for each filament. 

By means of the ohmmeter,* it mi|i;ht be possible to obtain 
the hot resistance accurately without taking the filament out 
of the bottle. 

The thickened ends of the filaments consist of two 
little cylinders of carbon, which are drilled from end to 
end. The ends of the filament are inserted into the holes 
at one end of each cylinder, and the platinum wires 
which pass through the glass of the lamp are inserted into 
the other ends. The filament and platinum wires are 
secured by a cement of which Indian ink is the chief 
ingredient. 

The construction of the glass part of the lamp is seen in 
Plate VIII. and in figs. 46 and 47. 

The globe is prepared with a sufficiently wide neck to 
admit the carbon loop (which is sufficiently elastic to be 
considerably bent without breaking). 

A glass piece (fig. 46) is prepared, having two narrow 

tubes, into the points of which are melted little pieces 

of platinum wire, about fij inch long. The carbon is 

■ Page 66. 
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attached to these wires in the manner already described, 
and the forked piece "being inserted in the globe, the 
neck of the globe ia melted on to the wide part of it 
in a blow-pipe flame. The upper piece ia taken off, 
so that the neck is hollow and funnel-ahaped, as shown 
■.47. 





A fine tube is then melted into the side of the neck 
for exhaustion. A httle mercury * is put from outside into 
each of the tubes of the forked piece, and copper wires put 
in so as to dip into the mercury at C. The mercury forma 
an electrical connection between the copper and platinum, 
and at the same time prevents any leakage ot air where 
the platinum passes through the glass. The hollow neck 

* The wholo of tbia part of the process is antiqaated, but it is of some 
biatorical tbIub as abowiog the ditHcuIties w hich had ti 
tbe Fulj days of lamp manafacture. 
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is filled up with cotton-wool (B), and with plaster of 
Paris (A), which holds the copper wires and the mercary 
in their places. The lamp is now ready for exhauatioQ. 

This ia accomphshed by means of a pump invented by 
Mr. Lane- Fox, and shown in Plate IX. 




The Lane-Fox Pniir. (Plate IX.) 

The pump consists essentially of two large globes con- 
nected by a tube, partly of glass partly of india-rubber. The 
glass part (A) of the tube is vertical, and is some 35 inches 
long, and one globe is fixed at the top of it. The other 
globe is moveable, and is connected to the lower end of the 
fixed glass tube, by a length of india-rubber tube sufficient 
to allow the moveable globe to be hung by its wire handle 
to either of two hooks, one of which brings it above the fixed 
globe, while the other is below the level of the bottom of the 
fixed glass tube. The top of the moveable globe is open to 
the air. 

Enough mercury is put in the apparatus to fill the tube 
and one globe. 

A side tube branches out from the fixed tube near the top, 
and turns up and passes vertically a little higher than the 
top of the fixed globe. 

A lamp, or generally two lamps at a time, are attached to 
the top of this tube. 

In the vertical part of the side tube is a valve consisting of 
a cylindrical enlargement, inside which lies a hollow gloss 
stopper. On mercury rising in the side tube, the stopper 
floats up and closes the tube sufficiently tight to stop mer- 
cury from passing up to the lamps. The mercury surrounding 
the stopper prevents air passing it. 

At the top of the fixed globe is a valve worked by hand, 
consisting of a glass stopper surrounded by a second smaller 
globe. To close the valve the stopper is inserted, and a 
little mercury or sulphuric acid put in the smaller globe sur- 
rounding it. The stopper prevents the liquid from passing 
from the small to the large globe, and the liquid prevents 
the entrance of air. 
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When the pump is worked, the moveable globe is hung on 
the upper hook, so that the mercury rises in the fixed tubes. 
In the side tube it rises as far as the valve^ which it closes ; 
while in the main tube it rises and fills the fixed globe, the 
stopper being withdrawn to allow the air to escape. 

Some strong, pure sulphuric acid is then put into the 
smaller globe, and the moveable globe lowered sufficiently to 
allow a little of the acid to enter the large fixed globe, where 
it lies on the top of the mercury. The stopper is then in- 
serted, and the moveable globe completely lowered and 
hung on the lower hook. 

The mercury sinks, leaving a complete vacuum in the 
upper globe until the column is lower than the opening of 
the side tube, when the valve in the latter opens and the 
air in the lamps rushes into the large globe. 

The moveable globe is then again raised, and the rising 
mercury closes the valve leading to the lamp ; and the air, 
being directed into the fixed globe, escapes through the 
stopper valve, which is opened for the purpose. Meanwhile 
the sulphuric acid removes every trace of moisture. We see 
that the ratio of the quantity of air in the lamp after each 
stroke is, to that before the stroke, as the volume of the 
lamp is td the sum of the volumes of the lamp, tube, and 
fixed globe. 

After a few minutes' work the lamp is completely ex- 
hausted, as is shown by the sharp click with which the 
mercury strikes the top of the fixed globe on the moveable 
globe being raised. 

The filaments are then brought to a state of vivid incan- 
descence, and the pumping recommenced, and continued for 
a few minutes more, until the greater portion of the gas con- 
tained in them has been expelled and removed. They are, 
however, kept on the pump and incandescent for some twelve 
hoursj a stroke being taken only occasionally to remove the 
last trace of gas. The lamps are then sealed off in the 
ordinary way, and are ready for use. 
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CHAPTER VII. 

Arc Lamps. 

In arc lamps, as we have already stated,* the resistance 
which converts the current into heat is that of the heated 
air between the ends of two carbon rods, from one to the 
other of which the current passes. The light is produced 
by the incandescence of the end of the carbon poles and of 
the minute particles of carbon which become detached, and 
float in the heated air between them. The heated air con- 
taining the particles of carbon forms what ia called the 
"electric arc." 

The carbon rods vary in diameter from | inch in 
the smalleat lamps made, to 3s inches in a lamp recently 
constructed by the Bruab Company. 

The carbon rods slowly bum away, and therefore have to 
be continuously fed forward by suitable machinery, so as to 
keep "the resistance of the arc" as constant as possible. 
On the steadiness of the feeding machinery, and on its 
sensitiveness to minute changes in the resistance, depend in 
a great measure the steadiness and freedom from flickering 
of the light. 

It is also necessary that all arc lamps should light them- 
selves when the current ia started, i.e., that when no current 
ia passing, the carbons should be iu contact, and that when 
the current commences to flow, they should be instantly 
separated to a distance giving an arc of the required re- 
sistance. This distance will vary according to E.M.F., 
size of lamp, &c., from -^ inch to | inch. 

An immense number of regulators have been constructed 
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by diflferent inventors, but they may all be divided into 
some three or four general types. I propose in the present 
chapter to describe some three or four lamps only, selecting 
those which are in actual commercial use, and which differ 
as widely as possible among themselves. 

The qualities required in lamps are different according 
to the service for which they are intended. 

For lighthouse work it is absolutely necessary that the 
light shall never be extinguished for an instant, and that 
the mechanism shall be strong, and that an ordinary light- 
keeper shall be able to manage it. Expense, weight, and 
bulk are matters of no consideration whatever; neither is 
there any objection to the mechanism being below the arc, 
as the light is not required to be directed vertically down- 
wards. Slight pulsations in the light are not a serious 
defect. The arc must always be kept in the focus of the 
reflector, so both carbons must be fed forward. 

In lamps intended for street lighting the chief considera- 
tion is steadiness and freedom from flickering. They must 
be moderately cheap, and not too heavy to hang on an ordi- 
nary lamp-post. The whole of the mechanism must be above 
the light, so that shadows may not be cast downwards. 

A temporary extinction of the light, though much to be 
deprecated, would not, as in the case of the lighthouse 
lamps, be likely to have consequences fatal to life, and 
therefore strength of machinery need not be studied to the 
exclusion of all considerations of economy. 

Further, street lamps must be so constructed that several 
can be worked in one circuit off one machine, and so that 
the accidental extinction of one shall not affect the rest. 
As a slight lowering of the position of the light is not 
objectionable, one carbon may be fixed and only one fed 
forward. 

Arc lamps are not suited for the interior illumina- 
tion of rooms, but when so used considerations of 
perfect freedom from flickering outweigh all others. In 
this case the lamp must be also so adjusted as to be free 
from the hissing sound which is often produced by an elec» 
trie arc. 
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All lanipa should be ooustructed so that they will bam 
from dark to daylight of a winter uight, aay sixteen hour?, 
without attention or requiring new carbons. 

When lamps are worked by a direct current, the posi- 
tive carbon consumes away about twice as fast as the 
negative ; with au alternating current the conaumptions are 
of course equal. The adjustments of springs, &c., required 
when direct and alternating currents are used, is somewhat 
different, as we shall see later on. 

The principal regulator lamps at present in use are — the 
Serrin (used exclusively for lighthouses), and the Crompton, 
Brush, and Siemens (used for lighting streets, stations, 
and large buildings). 

The Jablochkoff candle may be noted as a type of a class 
of arc lamp where the length of the arc is kept constant, 
but not its resistance. 



The Serein Lamp. (Plate X.) 

Plate X. ia a drawing of a Serrin lamp. 

The base of the lamp contains clockwork, which is 
actuated by the weight of the upper carbon. The racks 
carrying the upper and lower carbons are connected by 
cog-wheels, so that as the upper carbon sinks the lower one 
rises to meet it. When the lamp ia to be used with alter- 
nating currents the cog-wheels gearing into the two racks are 
of the same size, and the carbons advance equally. When 
direct currents are to be used, the cog-wheels are so propor- 
tioned that the + carbon moves twice aa fast as the — 
one. As the carbons move, the atar-wheel, which is the last 
wheel of the train, revolves very rapidly, and a very slight 
brake applied to it is sufBcient to lock the carbons. When 
the caj-bous are in contact a current can be sent through 
the lamp. The current passes through the electro-magnet, 
which attracts its armature, and pulling a lever draws down 
the lower carbon-holder, and, separating the carbons, forms 
the arc. At the same time the lever locks the star-wheel, 
and prevents the carbons from moving. 

As the carbons burn away the arc gets longer, and as ita 
resistance increases, the current in the magnet gets weaker, 
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and the armature is drawn a little way from it by the spring* 
This releases the star-wheel^ and the carbons approach each 
other till the current has recovered its proper strength^ 
when the armature is again attracted and the carbons 
locked. This adjustment is repeated at intervals until the 
carbons are consumed. 

The upper carbon can be brought exactly into line with 
the lower one by means of the screws seen at the top of 
Plate X. Of the two screws seen on the left-hand side 
of the clock-case^ one adjusts the tension of the spring and 
so regulates the length of the arc, the other enables both 
carbons to be raised or lowered together without altering 
their distance apart, so as to place the arc exactly in the 
focus of the reflector. The position of the arc should be 
level with the top of the little bracket which is pivotted on 
the tube inside which the upper carbon-rack slides. The 
bracket can be turned round so as to be close to the arc, or 
can be turned back out of the way. The lamp is simply 
slid into position on two brass rails, to which the wires from 
the machine are attached. In case of any accident to the 
lamp it can be removed and a spare one substituted in a 
few seconds, as placing the lamp in position at once makes 
the connections. 

The CfiOMPTON Lamp. (Plates XI. and XII.) 

Plates XI. and XII. and figs. 48, 49, are diagrams of 
three successive developments of arc lamps introduced by 
Messrs. R. E. Crompton and Co., of Chelmsford. 

Plate XI. shows the first form, which was invented by 
Mr. Crompton in 1880, and was an improvement on a still 
earlier lamp, which it is unnecessary now to describe. In 
this lamp, which Mr. Crompton calls the E pattern, the 
lower carbon-holder has an up-and-down play of about 
\ inch ; it is pressed up by the spring S, and is pulled 
down whenever a current passes through the magnet M. 

The upper carbon-holder has a play of about 16 inches. 
When drawn up to its highest position it tends to sink slowly 
by its own weight, actuating as it falls a train of wheel- 



88 Electric Lighting. 

workj wliich causes the little wheel E to revolve with great 
velocity. A very slight pressure on the rim of this wheel 
will stop the motion of the carbon. This pressure is gene- 
rally maintained by ft light spring, which presses on the 
wheel except when the lever N is lifted by the passage of a 
aufficiently powerful cnrrent through the magnet G. 

The magnet G is wound with fine wire, and is of high 
resistance, and is connected so as to form a shunt to the 
arc. The magnet M is wound with thick wire, and is in the 
main circuit. 

When a current is sent through the lamp, the carbons 
not yet being in contact, no arc is formed, but the whole 
current passes through the shunt magnet G, which lifts the 
brake-springj and allows the upper carbon to descend until 
it comes in contact with the lower one. 

The greater portion of the current then leaves the shnnt 
magnet, releasing the bi-ake and stopping the motion of the 
upper carbon, and passes through the carbons and through 
the thick-wire magnet M, This magnet depresses the lower 
carbon-holder about \ inch (the exact amount of play to be 
allowed having been previously regulated by a set-screw), 
and, separating the carbons, forms the arc. 

The carbons being held in this position commence to 
burn away, until the length, and therefore the resistance of 
the arc, begin to exceed their proper limits. When this 
occurs a larger fraction of the current passes through the 
shunt magnet G, and, the brake being lifted, the upper car- 
bon sinks. As the upper carbon approaches the lower one 
the resistance of the arc diminishes, and the current in the 
shunt magnet G diminishing, the brake again presses on the 
wheel E, and stops the motion of the carbon ; and this 
adjustment goes on continuously until the carbons are con- 
sumed. We note that the adjustment depends only on 
the relative resistances of the arc and of the shunt magnet, 
and is not affected by variations in the total current. The 
only effect of a decrease of the current ia to cause the lamp 
to burn with a shorter arc. 

The special i'eature which distinguishes Mr, Crompton'a 
lamp from the numerous other lamps in which a train of 
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wheelwork and a brake had previously been employed, is 
the extreme lightness and delicacy of the brake-spring and 
its adjnstments, the whole of the moving parts weighing 
only a few grains. 

When the brake-lever is heavy the adjustment of the arc 
does not take place until there has been a considerable 
increase in its resistance, and then the carbon is not 
again stopped until the arc has become too short ; and in 
consequence, the light is constantly pulsating. With the 
light spring introduced "by Mr. Crompton the adjustment 
takes place almost as the resistance begins to vary. In 
fact, with a Crompton lamp in good adjustment the wheel 
B is never quite still ; the varying pressures of the brake 
simply appear to adjust the velocity of its motion. In 
consequence, the Crompton light is extremely steady. 

The K pattern Lamp. (Fig. 48.) 

Fig. 48 represents the lamp, brought out in 1882, known 
as the K pattern, and is the joint invention of Messrs. 
Crompton and Crabb. 

In this lamp it will be seen that the frame carrying the 
wheelwork is made capable of motion in a vertical plane 
about a pivot fixed to the opposite guide-rod. Hanging 
vertically from this frame and within a solenoid, is a hollow 
cylindrical iron core. The solenoid, which does the work 
of the electro-magnets in the former lamps, is differential, 
i.e. it is partly excited by the current in the main circuit 
which passes through the lower and thicker wire, and partly 
by a small cun*ent circulating in the upper and much thinner 
wire which is connected as a shunt to the arc. 

Attached to the upper or positive carbon-holder is a cord 
which passes over a pulley connected in the top of the 
frame, round another pulley connected to the train of wheel- 
work, and which corresponds to the toothed wheel gearing 
into the rack rod in the older forms of Crompton lamps ; 
then down the hollow side rod, through one half of the 
cross-bar at the bottom, down the vertical tube, under a 
pulley attached to the lower carbon-holder, up the tube 
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on the other aide, to the other half of the cross-bar, where 
it is fixed. The lower carbon moves up 
and dowu in the bottom tabe, guided at 
its lower end by a piston-ahaped socket, 
which makes good spring contact with the 
tube, and at its upper end by the nozzle at 
top of the tube, and is supported by its 
pulley, which sits in the loop formed by the 
passing of the string from one side of the 
cross-bar down and up the tube to the 
other side. 

It follows from this arrangement that a 
" downward motion of the solenoid's core 
produces an upward one of both carbon 
points ; also that the positive carbon mores 
twice as fast as the negative one, and that 
the arc is maintained always at the same 
height. From the different rates of motion 
of the two carbons it follows that a drawing 
down of the core separates them, and ita 
rising allows them to approach. Projecting 
from below the frame carrying the wheel- 
work is seen the brake-wheel, beneath and 
close to which is the brake, a thin etrip of 
brass, which, when the frame has fallen a 
certain space, is caught by a projection on 
the side rod and prevented from moving 
down further with the frame, thna pressing 
on the wheel. 

The action of the lamp is as follows : — 
On closing the circuit the carbon points 
Tig. 48, which wBi-e before in contact are sepamted 

by the drawing down of the core consequent upon 
the action of the current in the main coils. This also 
allows the brake to press on the brake-wheel, and prevents 
the carbons from running together. The differential action 
of the two currents circulating in the coils of the solenoid, 
i.e. the main one through the thick wire, and the shunt 
current through the fine wire, causes the arc to adjust itself 
to the proper length. When this from any cause is ex- 
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ceeded, its increased resistance throws more current through 
the shunt coils^ the core is raised, the brake- wheel liberated, 
and the carbons approach. If the arc should be too short, 
then, the shunt current being diminished, this core is pulled 
down and the arc lengthened. 

The D. D. Lamp. (Plate XII. and fig. 49.) 

The latest type of lamp made by Messrs. Crompton and 
Co. is known as the D. D. (double differential) lamp. It 
also is the joint invention of Messrs. Crompton and Crabb, 
and shows a marked improvement on the older forms in 
point of simplicity of construction and also in regulation. 
This latter is effected by a brake-wheel driven by the rack 
rod attached to the upper carbons, as in the 1881 pattern, 
over which, however, the D.D., in common with the K. lamp, 
possesses the great advantage of being able either to 
increase or decrease the length of arc as may be necessary, 
whereas the older lamp could only decrease it. 

In the D. D. lamp also the intermediate gearing between 
the brake- wheel and the pinion driven by the rack rod is 
dispensed with. Referring to Plate XII., B and Bi are 
the rack rods carrying the positive carbons. Sliding on 
each of these is a light gun-metal sleeve, S Si, carrying 
spindles, to which are attached the two large brake- wheels 
E B„ and between them the pinion which gears into the 
racks. To each side rod is pivotted a broad lever, L L, at 
the other end of which a chain is fastened, connecting it to 
the hollow core of the solenoid vertically above. This 
solenoid is differential, as in the K lamp, G being the shunt 
and M the main coil, and has its core partially supported 
by a spring whose tension can be regulated by means of 
the screw T. Projecting vertically downwards from each 
sleeve to a distance from the centre of the spindle about 
equal to the radius of the brake-wheels, is a stout pin or 
finger, P Fi, the use of which we will try to make clear. 
Suppose the rack rod to be drawn up ; then, if the lever 
be pulled by the solenoid above the horizontal position, the 
whole weight of the rod and carbon is supported on the 
edges of the two brake-wheels, and the friction of them on 
the surface of the levers is sufficient to prevent their revolu- 
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tion ; hence this rack rod cannot run down : hat if the 
levers be helow the horizontal, then the weight is carried 
by the finger projecting from the sleeve, as shown at F, 
the wheels are free to turn, the rack rnns down, and con- 
tinues to do so until the positive and negative carbon points 
come in contact, Now let the current be switched on ; by 
its passage throngh the main wire of the solenoid, the 
levers are raised, striking the arc, and at the same time 
applying the brake to the wheels. The shunt current then 
flows, and the arc takes its proper length. If this becomes 
too great, the increased current through the shunt draws 
down the core and levers ; the brake-wheels are loft free to 
revolve if the arc shortens. 

On the other hand, if the carbon points be too close, the 
levers are raised, bringing with them the rack rods and upper 
carbons. Making the finger projecting from one sleeve 
longer than that from the other, determines which pair of 
carbons shall begin to burn first, because, on switching on, 
that pair which has the longer pin will be the last to break 
contact, and will therefore originate an arc in so doing. It 
will be easily seen from Plate XII. that on the core being 
raised the lever L, will apply the brake before* the lever 
L does, hence it may be said that the rack rod B, gets a 
start on B ; its carbon points are separated before those of 
B, and are kept a greater distance apart until the latter are 
consumed. When this is the case, the rack rod B, is pre- 
vented from further fall by a stop and can no longer feed, 
hence the arc will lengthen, the shunt current will increase, 
and the other rod B„ which can still feed, will be allowed to 
descend unti! its carbons touch, starting a fresh arc. The 
core is raised again, the fresh arc burning instead of the 
old one, and everything goes on as before. 

When the second pair of carbons has burned low, the 
same action takes place, viz. further descent of the rod is 
prevented, the arc lengthens, the shunt current increases, 
and the core is drawn down, but lower than when the first 
pair of carbons were burned out, until a copper stud, C, 
attached to it makes contact with another, H, connected to 
the negative pole, cutting the lamps out of the circuit and 
introducing an equivalent resistance. 
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The connections of the lamp and its equiTalent resistance 
coil are shown in fig. 49. The cnrrent entering in the 
direction of the arrow finds two paths open, the one through 
the resistance coil R R and insalated contact piece C, which 
for thetime being i» resting upon H, and thus on to thonert ■ 
lamp } and the other through the switch S, which we suppose 
to be closed, the main solenoid, coils M, the framework of 
the lamp, the positire carbon, the negative carbon, and 




ultimately out by H, and on to the next lamp. The latter 
portion of the current in passing round the core mag- 
netizes it and draws it up, thereby breaking contact between 
C and H. 

In this moment the current has only one path open, viz. 
that through the switch S, main solenoid, and carbons ; and 
since the whole of it must pass through the main solenoid, 
the core of the latter is definitely drawn up, lifting the two 
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rack rods, and establialiiiig the arc between ooe pair of 
carbons aa explained above. 

If, throagh the falling out or breaking of a carbon or 
banging up of the i-ack rode, the current should be in- 
terrupted, then the core of the solenoid will instantly fall, 
and, by bringing C and H again into contact, open to 
the current the former path through the resistance coil. 
In this manner an accident to one lamp does not affect 
the other lamps burning in series with it on the same 
circuit. 

The same result will follow if the cnrrent be interrupted 
through the opening of switch S, and the lamp thereby 
be switched out of circuit. 

When fitted with the full length of 19 J inches of carbon 
13 m.m. in diameter, the lamps will bum from 12 to 16 hours, 
according to the current passing, which may vary from 
G to 28 amperes, the light varying from 850 to 6500 
candies.* 

The electro-motive force required is 50 to 60 volts, 

Adaptation op the Ceompton D. D. Lamp to Altbbnating 
Cdekbnts, 

On trying the above lampwith alternating currents, I found 
that at first it did not burn satisfactorily. An examination 
of the currents circulating in the different parts showed the 
carious fact that the current in the shunt coil, instead of 
varying inversely as the current in the main wire, varied 
directty with it, and of course the lamp did not regulate. 

The reason of this was that the coils of thick and thin 
wire, having a long iron core common to both, acted like an 
induction coil, and the alternating current in the thick wire 
induced currents in the fine wire, whose strengths were of 
coarse proportional to its own strength, and which quite 
overpowered the shunt current. 

To get over the difficulty, I cat the core into two halves, 
and connected them by a brass rod equal in length to one 
of the halves. I then turned the coils over so that the thick 
; meoBuced at an angle of 30° below 
^ the arc itaeir. 





Tlie Brush Lamp. 

wire coil was at the 
bottom and tho thin 
at the top (fig. 50). 
A compariaon of figs- 
49 and 50 shows the 
nature of the alteration. 
On again trying the 
lamp, I found that the 
induction coil effect had 
ceased] and that the 
lamp regulated per- 
fectly. FiR. 60. 

Mounting. 

Fig. 5 1 shows a Crompton lamp mounted 
in nn ornamental case. 





* F(K.Bi. The BauBH Lamp. (Plato XIII.) 

In the Brash lamp, shown in Plate XIII. and in fig. X. 
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there are alao two pairs of carbons, and the mechanism is so 
arranged that when the current is started the arc is formed 
between one pair, which continue to burn till they are con- 
aan\ed, when the current is instantly transferred to the 
second pair. This lamp therefore can also be made to bum 
all night without having' very long carbons. 

The small magnet seen in Plate XIII, works a "cutout" 
similar in principle to that already described in the Crompton 
lamp. The large magnet both makes the arc and regulates 
the descent of the carbon. 

The magnet is wound with two wires, a thick and a fine 
one. The thick wire is in the main circuit, and the fine 
wire forma a shunt to tlio arc. The wires ave so connected 
that the currents in them circulate round the magnet in 
opposite directions, so that the strength of the magnet 
depends only on the difference between the main current 
and the shunt current. The action of the main current being 
made the more powerful of the two, the main current tends to 
increase the magnetism, and the shunt current; to decrease it. 

The cores of the magnet are tabular, and two iron bars are 
attached to the armature, which are sucked into the magnet 
as the current gets stronger. This arrangement enables a 
play of some two inches to be given to the armature. 

When the armature is raised it lifts the upper carbons by 
meansof the clutch shown indetail at thebottom of Plate XIII. 
Each of the shdiug rods currying the carbon passes through 
a loose washer, which does not grip it as long as the washer 
is level. One aide of the washer enters a notch in a strip 
of brass attached to the armature. When the armature is 
raised, one side of tlie washer is lifted by it, and the washer, 
being tilted, grips the rod, and lifts the carbon with it. 

In order to avoid sudden jerks, a cylinder full of glycerine 
is attached to the armature, aud a piston working in it is 
fixed to the upper part of the lamp, as shown in Plate XIII. 
The armature is thus compelled to move slowly and smoothly. 
A similar arrangement is applied to the carbons. The rods 
carrying them are made tubular and filled with glycerine, 
and pistons are fixed to stout wires at the top of the tubes 
seen in Plate XIII. 
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Before the current passes, both carbons sink till they are 
in contact with the lower carbons. When the current com- 
mences it at first passes partly by the " cut-out/' and partly 
through the magnets and carbons. The ^' cut-out '* magnet 
breaks the short-circuit, and the whole current passes by the 
magnets and carbons. The main current being much stronger 
than the shunt^ the armature is lifted, raising both carbons. 

A reference to Plate XIII. shows us that the lower edge of 
the left-hand slit is at a higher level than that of the right- 
hand one. The right-hand carbon is therefore less raised 
than the left-hand one, and the arc forms itself between the 
right-hand carbons. 

As the resistance of the arc increases, the main current, 
which tends to magnetize the magnet, diminishes, and the 
shunt current, which tends to demagnetize it, increases, 
and so the magnetism diminishes, and the armature sinks. 
As soon as it has sunk a little, the right-hand washer becomes 
level, and allows the carbon-holder to slip through it. The 
arc becoming shorter, the power of the magnet increases, and 
the armature is raised, and the carbon again locked. 

During this adjustment the armature never sinks &r 
enough to release the left-hand washer. The adjustment is 
repeated at short intervals until the right hand carbon is 
consumed, say in about eight hours from the time when the 
lamp was lighted. 

When the carbon is consumed the holder is stopped by a 
collar, and the current through the carbons ceases for an 
instant, and the cut-out armature falling, the lamp is short- 
circuited. 

The left-hand carbon then instantly falls, and comes into 
contact with its lower carbon. The circuit through the 
lamp being re-established, the cut-out armature is again 
lifted, the carbon is raised so as to form a new arc, and the 
regulation goes on in the same manner as before until the 
second carbon is entirely consumed. At the instant of change 
of th*e current from one pair of carbons to the other the lamp 
is extinguished for something less than a second. 

The ordinary lamps used for street lighting burn carbons 
of 9 millims. diameter, and are said to use 10 amperes of 

n 
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current, and to require an E.M.F. of about 50 volts. The 
H.P. consumed in tbem would be, by equation (7), — 
60 X 10 



These ligbts are probably of about 800-candle power. 




The Brush Company have been very auccessful in work- 
ing a largo number of their lamps iu serieB on one circuit- 
Forty on one circuit are in regular uae in Cheapside. 
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Fig. 53 represents a Brusli lamp mounted on a atreeb 
lamp-post. 

BraHh lamps are also made 'with larger carbons, 
taking more power. One has been constructed 
with carbons 3^ inches diameter, requiring 40 H.P., 
and giving a light said by the company to be equal 
to 150,000 candles. This is by far the largest electric 
lamp of any kind which has yet been made. 

The Jablochkofit Cahdlb. 

In the Jahlocbkoff candle (fig. 54) the two carbon 
rods are placed side by side, and are separated by 
a strip of plaster composed of kaolin and other 
ingredients. 

The current passes up one carbon and down the 
other, and the arc is formed at the top. The whole 
burns downwards like a candle. The candles are 
tipped with a paste made of powdered carbon and 
gam. When the current is first started it passes 
through this paste, which, becoming incandescent, 
rapidly burns away, and leaves an arc formed be- 
tween the poles. In case of the current being acci- 
dentally interrupted for an instant, the candles go 
out, and do not re-ignite themselves. 

In the Jablochk off candle the length of the arc 
remains constant, hut its resistance is constantly 
varying with every impurity or change of density in 
the plaster. The light is therefore extremely un- 
steady. The extreme simplicity of the Jablochkoff 
candle, and the absence of machinery, are however 
a certain recommendation to it. It is of consider- 
able historical interest, as the lighting of the Avenue 
de I'Opera in Paris in 1878 by Jablochkoff candles 
firat demonstrated the possibility of street lighting 
by electricity. 

The Jablochkoff candle can only be used with 
alternating currents, as it is necessary that the 
carbons should consume equally. 
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CHAPTER VIIL* 



CARBONS FOE AKC LAMPS. 

Divr'a first experiment with the electric arc was carried ont 
with pieces of wood charcoal as electrodes, but it was at 
once seen that electrodes formed of such a soft material 
could not be of much practical use, as they burned away too 
rapidly, and gave off coruscations of dangerous sparks. It 
may be here mentioned that, seventy years later, Gaadoin, at 
Paris, again reverted to the use of rods of wood charcoal, the 
density of which he increased to any required extent by 
filling up the pores with various hydro- carbons, alternately 
soaking the rods in liquid hydro-carbon, and firing them 
until they gave a metallic ring. But for many years the 
carbon electrodes used for all experiments with the electric 
light were strips sawn from the graphitic deposits found 
in gas retorts. Foucault has the credit of introducing these. 

The carbon electrodes as now used are the result of the 
experimental researches of Staite, Laccasague, and Thiers, 
Archereau, Carre, Gaudoin, and others. Most of the makers 
observe a certain amount of secrecy in regard to their pro- 
cesses of manufacture, but the general features of it are 
well known to be as follows : — 

Coke or graphite is finely powdered and washed in 
alkaline cells to get rid of the silica and earthy impurities, 
after which it is ground in a pug-mill, with sufficient 
syrupy or tarry hydro-carbon to agglutinate it into a stiff 
This paste is then pressed into rods of the required 
form by being forced through moulds or dies, 

• I have to thank Mr. Crompton for tLis chapter. 




Carbons for A re Lamps. i o i 

Sometimes the pressure is applied endways^ the paste 
being forced out in a continuous rod of the proper thickness, 
and cut off into lengths as required. Another plan is to 
apply the pressure sideways, the dies being divided longitu- 
dinally into two parts. In the latter case, several rods are 
usually pressed at one time. The rods thus formed are care- 
fully dried, and afterwards fired in kilns, having been 
previously packed in air-tight boxes, and embedded in coke 
dust. After one firing they are generally found to be porous, 
and require soaking in syrup and a second time firing. 
Some of the makers repeat this process more than once. 

The manufacturers who during the last few years have 
done most to perfect carbon electrodes have been — Oarr^, 
Sautter-Lemmonier, and Mignon-Bouart, in France; Siemens 
in Germany; Gray, Hedges, and Johnson and Phillips in 
England. 

The following points are aimed at in the production of a 
perfect carbon for arc lighting : — 

1. Freedom from all matter other than carbon. 

2. Regularity of density. 

3. Mechanical perfection of form. 

4. Low electrical resistance. 

Purity. 

It is not sufficient that the coke or other powdered carbon 
from which the rods are made should be in the first instance 
free from earthy or metallic impurities, but a great deal 
depends on the care taken in subsequent processes of manu- 
facture to insure that the volatile gases, most of them hydro- 
carbons, are thoroughly expelled during the process of 
firing. The reasons for this are as follows : — 

Carbon being the most refractory of any known substance, 
disintegrates to pass across the arc at the highest possible 
temperature, and as the whiteness of the colour, as well as 
the amount of the light given by the electric arc, depends 
entirely upon the temperature of the arc, it is evident that 
any admixture of substance other than carbon will, by lower- 
ing the mean temperature at which the electrode is dis- 
integrated, tend to diminish the amount of light given. 
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Observations taken with the spectroscope show that at 
tte times when the arc distils itself free from all foreign 
salts, so that we have in the spectrum only the characteristic 
carbon hnes, the colour of the light is most intensely white, 
and the amount of light is at a maximum ; and it is almost 
certain the temperature is also at a maximum. At the 
same time it is observable that the conductivity of the 
stream of matter passing across from one electrode to another 
is at a minimum, hence if the difference of potential at 
the two sides of the arc ib maintained constant, the arc 
will be shortest at the times that the carbon ia purest, and 
the action being then confined to the smallest possible space, 
will be intensified in proportion, resulting in greatly increased 
light and economy. The addition of the smallest portion of 
any material which volatilizes at a lower temperature than 
carbon itself, increases the length of the arc with the results 
the reverse of those above mentioned. 

Gaseous impurities, the chief offenders being hydro- 
carbons, are peculiarly annoying in this respect. When they 
are present to any extent, they always break out at irregular 
intervals as blowers of gas, which are comparatively of high 
conductivity. These jets play around the crater proper in 
a most irregalar manner, and are the chief cause of the 
flickering so often complained of in arc lighting. It is quite 
common to see the arc start from a point very high up on 
the cone outside the crater, and forming a curved and rapidly- 
moving jet towards a point on the cone of the negative 
carbon. At such moments the light ia found diminished to 
one-third or one-quarter of its normal brilliancy, and as the 
lamp adjusts itself to the new conditions by automatically 
lengthening the arc, a vibratory or reciprocating action is 
set up in the lamp, which greatly intensifies the mischief. 

Silica and other earthy matter when present in carbon, in 
addition to lowering the arc temperature, form a morfi or 
less bulky ash, which falls down into the surrounding 
md is extremely unsightly. When continnona eur- 
i used, this ash accumulates on the negative elec- 
trodes, and thus produces ugly and otherwise objectionable 
shadows. 
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EEauLAB Density. 

This has been attained much more perfectly of late 
years since the introdaction of dies split longitudinally, 
so that a side pressure equal in extent throughout 
the full length of the rod can be applied. Bods made 
by end pressure very frequently have the ends more or 
less dense than the middle portion ; consequently, when such 
rods are used, the lamps bum quite diflferently when first 
started, and when the carbons are nearly burned out, 

A defect, which shows itself more particularly with carbons 
used for continuous currents, and which probably is due 
to Irregularity in density, is that the point of the positive 
carbon, instead of forming itself into a crater of regular con- 
cavity, forms a number of small craters or facits inside one 
general crater. This irregularity is always accompanied 
by noise and unsteadiness when burning. 

It seems as if, although the density of the rod may be fairly 
regular throughout, yet that the whole is made up of a 
honeycomb of dense carbon filled in with softer carbon, the 
action of the current being, as it were, to excavate the 
soft carbon, leaving the hard carbon ridges prominent. 

Carr6, Siemens, and others have attempted to get over 
this difficulty by purposely varying the density of the rod. 
That is to say, they have put a soft core into a hard carbon, 
80 that the current itself would always excavate the soft 
core slightly in advance of the hard carbon exterior. This 
insures that the crater be kept truly concentric with the 
rod, and certainly it has given the desired effect. Otherwise 
this defect of irregular local density could be got over by 
increased care in the grinding and pugging of the carbon 
paste prior to the pressing. 

Mechanical Perfection op Foem. 

Little need be said on this head. It is evident that 
modem requirements, which insist on arc lamps burning for 
many hours at a stretch without renewal of the electrodes, 
necessitate long rods, and these must be perfectly cylin- 
drical^ of equal diameter throughout, and perfectly straight. 



I04 



Electric Lighting. 



The longer the rods are made, the more difBcalb it is to 
preserve their straightness through the many processes of 
drying, firing, soaking, &c. 

Some of the densest, purest, and most regular carbons in 
the market are great offenders in this respect, and conse- 
quently are quite useless for long burning lamps. If the 
rods are not perfectly cylindrical and of equal diameter 
throughout, it is very difficult to make good contact with the 
carbon-holders, and as a result the carbons heat at the point 
where they are nipped by the holders, even to such an 
extent as to char away, and thus become loose and fall out. 
Any irregularity at this point makes it next to impossible 
for the attendant changing the carbons to get the two rods 
into line with each other. 



Electrical Resistance of Caebon Bods. 

This is a matter of greater importance than might be at 
first imagined . When many arc lamps are burned in serieB, 
if the electrical resistance of the cai-bons themselves is high, 
it becomes a serious matter to deal with. For instance, 
with forty arc lamps in series, the resistance of the carbon 
rods only, when the whole of the lamps are newly replenished, 
will be, under the most favourable conditions, twenty ohms, 
and this becomes reduced to two or three ohms when the 
rods are burued down short. 

The purest and densest carbons are also found to have the 
lowest resistance, but in such a case as that above men- 
tioned, or in fact wherever more than sixteen lamps are used 
in series, it is found necessary to reduce the resistance by 
electro-plating the carbons with copper or nickel. This 
copper-platiug presouts serious disadvantages; one of them 
being that, when direct currents are used, the copper on 
the negative rods is not burned away under the action of 
the arc as fast as the carbon itself. It therefore stands up 
in the form of a ragged fringe round the negative rod, 
which throws a large star-shaped shadow on the floorbeneath. 
It is also believed that the volatilized copper which is always 
present in the atmosphere when copper-coated carbons are 
used, although harmless in the open air, would be dangerous 
to health in confined workshops. Hedges succeeded in 
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plating his carbons with iron, which in one way got over 
this difficulty, but he met with a fresh one, for it was im- 
possible to keep the covering from rusting unless it was 
protected with some varnish, which had to be scraped oflF at 
the point where the carbon entered the holder. De Hamel 
patented a process of inserting an iron wire up the centre of 
carbon rods, the idea being to diminish the resistance, it 
being also found that the volatilizing of the iron did not affect 
the colour of the light ; but there is no doubt that, for the 
reasons above given, it lengthened the arc, and diminished 
its economical efficiency. 

At any rate, this process has so far not proved an eco- 
nomical success. 

The Size of Carbon Electrodes. 

The economical efficiency on the one hand, and the steadi- 
ness of the light on the other, depend very greatly on the 
diameter of the carbon electrode employed with a given 
current. Within certain limits the one is in inverse ratio to 
the other. That is to say, as we decrease the diameter of 
the carbon, we increase the amount of light from a given 
current, and decrease its steadiness. The diameters most 
commonly used have been as follows : — 

For currents from 7 — 12 amperes 9 m.m.* to 11 m.m. diam. 

„ 12 — 18 „ 11 m.m. „ 13 m.m. „ 

„ 18 — 26 „ 13 m.m. „ 15 m.m. „ 

„ 25 — 40 „ 15 m.m. „ 18 m.m. „ 

„ 40 upwards 18 m.m. „ 20 m.m. „ 

It is extremely difficult to obtain carbons above 20 m.m. of 
sufficient homogeneous texture to give a steady light with 
lamps having automatic regulation. All carbons above this 
diameter are used with the large arcs as search lights for 
military and naval purposes, and most commonly worked by 
non-automatic hand regulators, and as all the best modem 
projectors are fitted with an arrangement for viewing the 
arc from the side, the attendant in charge can quickly set 
right any irregularity caused by change of density. 

If the above rules as to diameter proportionate to current 
are departed from, the following results take place : — 

* One m.m. (millimetre) is practically equal to ^ inch. 



If a carbon of too small diameter is used, the positive 
carbon corea away so rapidly as to cut down tLe sides of the 
crater, and the intensely -heated portion of the carbon 
extends outside the walls of the crater proper ; in this way 
agreat amount of the light which ordinarily would be thrown 
downwards on to the surface required to be illuminated, 
will be wasted in the upper part of the spherical angle. In 
addition to this loss, there is great danger of the carbon 
becoming red-hot from end to end, and thus wasting away 
like a candle in a hot oven. Again, the light also becomes 
very unsteady ; the arc does not pass steadily between the 
points of the cone and the crater proper, and the lamp bums 
for a shorter time than it ought to do. 

On the other hand, if carbons of too great diameter are 
used, they do not point properly, and consequently, the angle 
of the lower carbon being very obtuse, throws down a 
large shadow. A great part of the electric energy, instead 
of being utilized in producing an intense temperature at 
the crater, is wasted in heating the external portion of 
the massive carbon to red heat. 

Nevertheless there is no doubt that the use of large 
carbons has greatly extended during the last few years. 
Although energy is wasted, and consequently less light is 
afforded by a given current, there is a great increase in 
steadiness, and the lamps burning for longer hours do not 
requij-e so much attention. 

The following table gives the result of experiments on 
various carbons : — 
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»"EB PER ELECTHICiL H.P. OF 13 SLM. OiRBONS 
DiKFEBENT MaSEBS. 

Ciirreithfrom 15 (o 20 Ampere*. 



Nama of Maker. 


c.„a.^P™e. 


Diffetenee of 1 
PolentiBl 1 Besiarbi. 
either lids ufArD. 


Siemens (cored) po3. 1 
CarrS (cored) neg. j 
SiemeiK (cored) . 
Barnaley Co. . 
Johnson A PhillipB . 
Sautter A Lemonnier . 
Carr6 (not cored) 
Silvertown (Grays) . 


4270 
3514 
3500 
2986 
2930 
2773 
2580 
1972 


47-4 
46-9 
49'8 
39-7 
48-0 
451 
461 
42-8 


Mean of 4 Readings. 

,. 12 

.. * ,. 

„ 3 

.. 6 

,. 6 _ 

„ 2 

., 5 
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Currents from 6 to 15 Am^phres, 



Name of Maker. 


Candle-Power 
per H.P. 


Difference of 
Potential 


Bemarks. 




either side of Arc. 




Siemens (cored) pos. ) 
Garr^ (cored) neg. 3 


3564 


54.0 


Mean of 4 Beadings. 


Bamsley Go. 


3010 


54-2 


„ 4 


SiWertown (Grays) . 


2715 


46-9 


„ 2 


Garr6 (not cored) 


2650 


40-76 


„ 2 


Sautter & Lemonnier 


2442 


48-0 


,, 4 „ 


Johnson & Phillips . 


1820 


39-75 


„ 2 „ 


Garr^ (cored) 


1667 


46-2 


„ 4 „ 



The current was measured by a Sir William Thomson Gurrent 
Gkdyanometer. 

The volts were measured by a Grompton-Kapp Potential Indicator. 

The candle-power was measured by a Sugg's Patent Bansen Photo- 
meter with a 100-inch bar and a 16-candle standard Argand Gas 
Burner. 

The photometric measurements were taken direct from the arc, the 
lamps being inclined 30^ from the vertical position, so that the measure- 
ments are equivalent to those taken 30^ below the horizontal line 



Illttionatikg Power pee Electeical H.P. op Siemens' Goeed 

Gaebons op Yaeting Diametees. 



Amperes. 



5 to 14 
14 „ 18 
18 „ 25 



13 m.m. 
Candles. Volts. 


13 m.m. 
Candles. Yolts. 


11 m.m. 
Candles. Volts. 

1 


2660 


600 


2278 


480 


2549 


52-2 


4400 


390 


3514 


46-9 


— 


— 


5263 


42-75 


3637 


42-9 
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CHAPTER IS. 

MAGNETS AND ELECTEO-MAQNETIC INDUCTION, 



Magnets — Pkeliminaey Note. 

Magnets are of two kinds, either steel "permaoent mag- 
nets," wliich only differ in size and strengtli from the httle 
laagneta of the toy shops, or " electro -magnet a," which con- 
sist of a core of soft iron wound with a quantity of insulated 
wire, and only become magnetic when a current of elec- 
tricity ia sent through the wire, the polarity and strength of 
the magnets depending on the direction and strength of the 
currents. 

If the iron core of an electro-magnet ia removed, the 
heh'x of wire when traversed by a current still exhibits 
magnetic properties, much feebler in degree, but the same 
in kind and direction, as those of the electro- magnet. 

A coil or ring of wire carrying a current may therefore be 
regarded as an electro- magnet, whose polarity is the same 
as it would have been if an iron core had been inaerted. 



Relation between Pqlaeitt and Diekction op Cobeknt. 

If in an electro-magnet we imagine a man to he swimming 
in the current dovm^stream and looking at the core, the north 
pole will be on hia left hand. 

By the north pole I mean the one which wonld repel the 
marked end of a compass -needle, or which would point 
northwards if the magnet wore freely suspended in a hori- 
zontal position. 
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Electro-magnetic Attractions and Repulsions. 

Magnetic poles of the same name re^el each other, those 
of opposite names attract. Currents in the same direction 
attract each other, those in opposite directijons repel. 

If the force between the poles of two electro-magnets is 
repulsive, the force between their coils when the cores are 
removed is also repulsive, and vice versa. 

Let figs. 55 and 56 each represent two electro-magnets 
placed side by side. 

In fig. 55 the poles are 

dissimilar and will attract y » 

and we see that the cur- ( { 
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rents in neighbouring 
wires are in the same di- 
rection, and therefore will 
attract also. 

In fig. 56 the poles are 
similar, and the currents 
in neighbouring wires are 
in opposite directions, and 
therefore both poles and j,. ^ 

wires repel each other. 

If in each figure we imagine the right-hand magnet to 
be turned over so as to face the left-hand one, we see that 
the forces will be of the same signs as before. 

Lines op Magnetic Force. 

Every magnet, whether it is a permanent magnet or an 
electro-magnet, or the imaginary magnet to which a coil 
of wire carrying a current is equivalent, may be considered 
as having lines of force emanating from its poles. 

These lines of force never have a free end. 

If a line of force starts from, for instance, the N. pole of 
a magnet, its other end must be in a S. pole somewhere. 
This S. pole may either be the S. pole of the same magnet, 
OP a S. pole of another magnet, or a S. pole induced by 
the magnet itself in a neighbouring piece of iron. Thus 
the directions and curvatures of the lines of force of a 
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msgnet are affected by any pieces of iron, or by any 
that may bo near it. 

Magnetic Field. 

The space round a magnet is called a maQuelic field. 
The strength of a magnetic field may be conveniently ex- 
pressed by the number of lines of force which pass through 
it. The strength of the field at any point may be expressed 
by the number of lines of force passing through a. unit 
of area placed at that point. Thus, where the force is 
strong the lines of force may be said to be crowded to- 
gether, and where it is weak to be thinly distributed. Jnat 
in the same way the density of a crowd at any point might 
be expressed by the number of people standing on a square 
yard of ground at that point. 

We must bear in mind, however, that ike lines of /one 
have no breadth, and that consequently there is iw limit to ttd 
number that can pass through a given area. This fact is of 
great importance in the construction of dynamo machines. 

Magnetic Induction. 
A magnetic pole at rest near a piece of soft iron indacfls 
an opposite pole to itself at the end of the iron nearest to 
itj and a pole similar to itself at the far end. 

EXPBBIMBNTAL TRACING OP IBE LlNBS OF FoECE OF A 

Magnet. (Plate XIV.) 

The direction of the lines of force of a magnet may be 
accurately determined, and the relative number which pass 
through each portion of the field may be approximately 
determined, by the following method : — 

Let a stout, highly-glazed card be laid on the poles of 
the magnet, and let a few iron filings be dusted on to it 
from a sieve, the card being geutly tapped dm-ing the whole 
time. The filings will arrange themselves along the lines 
of force, and will be thickest where the field is strongfest, 
i.e. there will be a greater number of lines of filings where 
there are a greater number of lines of force. 

If it is required to preserve the curves, a sheet of paper, 
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with its under surface gummed^ may be laid on them so that 
the filings may adhere to it. 

Plate XrV. represents some lines of force determined by 
Faraday. 

Another method of tracing out lines of force and mea- 
suring the intensity of magnetic fields depends on electro- 
magnetic induction^ and will be described later on. See 

page 117. 

Continuity op Physical Change. 

All physical changes of xohatever hind are continuovs, 
i.e. if a body is in one state at one time and in another state 
at another time, we know that between those times it must 
have passed through all intermediate states. 

For instance^ if a body has a temperature of 10° at one 
time and of 20° at another time^ then we know that at some 
time between those times it must have had a temperature 
of 15°. 

As a corollary of this law we may note, that if any pro- 
perty of a natural body has at one time a ( + ) value and at 
another time a (— ) value, then at some instant between those 
times its value must have been zero. 

For instance, if a body is at one time above the ground 
and at another below it, then at some instant between those 
times it must have been at the ground level. 

A careful remembrance of this law will save the electrical 
inventor from many mistakes and difficulties. 

For instance, we must remember that if the N. pole of a 
core changes to a S. pole, then that at some period between 
the times when the pole hadN. and S. polarity, it must have 
been completely demagnetized. Again, if a current is 
reversed, it must cease altogether between the times of its 
flowing in one and the other direction. 

Electro-magnetic Induction. 

If a wire be moved through a magnetic field, an electro- 
motive force will be produced between its ends which will 
be simply proportional to the number of lines of force 
cat by it per second; lines cut in one direction being 
reckoned +9 those cut in the other direction being reckoned 
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, tlie sign being also reversed if the polarity of the field 
reveraed. 

The number of lines of force cut per second depends. 

First (in a uniform field), on the lenfjth measured in a 

straight line from one end of the moving 

^~~ ivire to the other; i.e. if A B C, fig. 57 

be the wire, it depends on the length 

ADC. 

Second, on the angle which the direction 
of motion makes with the lines of force. If 
!''((■ s^' the wire moves along the lines of force, it 

will cut none of them ; if at right angles to them, it will cut 
the maximum number. The number cut is directly pro- 
portional to the sine of the angle which the direction of 
motion makes with the lines of force. 

Third, on the number of lines of force which pass througli 
each unit of area of the region across which the wire moves, 
i.e. on the strength of the magnetic field. 
Fourth, on the velocity of motion. 

If the ends of the wire are connected by another wire not 
in motion, a current will flow through the wire, whose 
strength depends on the electro-motive force produced and 
on the resistance of the circuit. 

For instance, the circuit may be completed by means of 
two fixed rails, on which the moving wire slides, the rails 
being connected at one end. 

If in a Uniform field the ends of the wire are connected 
by means of a second wire, which also moves across the 
lines of force (fig. 58), no current will be produced. The 

electro- motive forces in the two 

halves of the ring formed by the 
two wires will be in the same 
absolute direction in space, and 
therefore in opposite directions in 
the ring. In fig, 58 we suppose 
the lines of force to be perpendi- 
cular to the paper, and to be re- 
presented by the dots. We sup- 
pose the circuit to consist of a 
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curved wire whose ends are connected by a zigzag one, 
and that it moves in the direction of the large arrow. We 
see that each half of the circait cuts the same number of 
lines of force, and the electro- motive forces are both of the 
same magnitude, and are in opposite directions in the ring, 
as represented by the small arrows; and therefore there will 
be no current. 

The moving of a wire across the lines of terrestrial mag- 
netic force will produce an electro-motive force between its 
ends. A large portion of the earth's magnetic force is 
vertical; a horizontal wire moved parallel to itself will 
therefore cut terrestrial magnetic lines. Let us suppose the 
rails of a railway to be insulated from each other, but con- 
nected at one end through a galvanometer. The wheels 
and axle of a railway carriage would complete the circuit. 
As the carriage moves, an electro-motive force will be pro- 
duced between the ends of the axle, which will produce a 
current through the galvanometer. If there are several 
axles they will all act in the same direction, like batteries in 
parallel circuit. 

If, instead of being connected to the rails, the gal- 
vanometer, were connected to the ends of the axle, and 
carried in the carriage, no current would be produced, the 
reason being that equal electro-motive forces would be 
produced in the axle and in the connecting wires of the 
galvanometer. These forces would be in the same abso- 
lute direction, and therefore would be opposed to each 
other in the circuit. 

Theoby of Blectjbic Generators. 

All electric generators consist of machines for moving 
wires past magnets, or magnets past wires, the connections 
being so arranged that the electro-motive forces generated 
may produce currents. 

If our moving circuit consists of a ring which is suffi- 
ciently large in comparison with the field, we can cause one 
side of it to move over the N. pole of a magnet while the 
other side is moving over the S. pole, and the electro-motive 
forces produced in the two halves will then be in opposite 

I 
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directions in space, aud therefore in the same direotioiu m 
the ring, and currents will circulate. 

Let us Bnppose our moving circuit to consist of the two 
axles of a four-wheeled railway carriage (fig. 59), connected 




by wires running along the sides of the carriagej and passing 
through a galvanometer carried in it; and suppose that in- 
stead of making use of terrestrial magnetism, we bury in 
the permanent way a number of powerful magnets (fig, 59) 
of alternate polarity, the distance between the poles 
being equal to the distance between the axles. We see 
that the electro- motive forces produced in the two axles will 
be in opposite directions, and therefore a current will circu- 
late until the axles arrive at the neutral point between two 
poles. The current will then diminish to nothing, and then 
gradually increase again ; but as the field now being passed 
through by each axle is of opposite polarity to what it was 
before, the current will be in the opposite direction. And 
thus as the carriage moves on, currents will be produced 
which will be reversed in direction each time the centre of 
the carriage passes a pole. 

The principle o£ this arrangement is the basis of all 
altematiii^-cwrrent machines. 

We see, therefore, that the only way in which currents can 
be induced in a closed ring or coil of wire, is hy the approach 
to or recession of the coil from a pole. 

A motion through auniformfield produces equal and opposite 
electro-motive fmxes in the two sides of the coil or ring, 
which forces neutralize each other. 

If the floor of the carriage in fig. 59 had consisted of a 
thick iron plate, the electro- motive force produced would 
have been greater, for the lines of force would have been 
nearly vertical, as in fig. 60, instead of partly horizontal, as 
in fig. 61. 
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In practice, the only way in which wires can be moved 
rapidly past magnets is by attaching them to the periphery 
of a revolving wheel round which stationary magnets are 
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arranged, so that the wires pass the same magnets again and 
again.* 

Another way of enabling the induced electro-motive forces 
to produce currents, is that invented by Professor Paccinotti 
in 1863, and known as the ''Paccinotti or Gramme ring/^ 
By this apparatus the currents are produced continuously in 
one direction. Its principle is the basis of all continuous- 
current machines. We shall fully describe it in Chapter XIII. 



DiBSOTION OF THE INDUCED CuBBENTS — LeNZ^S LaW. 

In 1834 1 Lenz enunciated the following remarkable 
law: — 

Whenever a current is induced in a circuit by the relative 
motion of the circuit and of a magnet, or of another circuit 
carrying a current, the directimi of the induced cun^ent is such 
that by its attraction or repulsion on the inducing magnet or 
circuit it opposes the motion. 

We see that if this were not so we should have a '' per- 
petual motion/' as the induced current might produce the 
motion which itself produced the induced current. 

Induction by Vabiation op Cubbent in one op two 

Stationaby Cibcuits. 

If an electro-magnet, or a circuit (which may be regarded 
as an electro-magnet without an iron core) be placed near a 

* Or the magnets may be attached to the reyolving-wheel and moved 
past fixed wires. 

t Fogg., Ann. xxxi. 483 (1834). 

I 2 
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coil of wire^ and the current in tbe electro-magnet be made 
to vary, currents will be induced in the circuit as long as the 
variation continues. 

The direction of the current produced by increasing mag- 
netism is the same as that produced by an approaching pole, 
that of the current produced by decreasing magnetism is the 
same as that produced by a receding pole. An increasing 
current in the electro-magnet induces a current in a direction 
opposite to its own ; a decreasing current, one in the same 
direction. 

Iron Core. 

An iron core may be placed in the circuit in which a cur- 
rent is to be produced. This generally increases the effect 
as it strengthens and concentrates the lines of force. 

As the directions of the induced current have a constant 
relation with the changes of polarity of the core, we may, 
if we please, study the latter instead of the former. The 
actions are somewhat easier to follow. 



Effect of the Iron Core on the Coil surrounding it. 

If the magnetism of the iron core is altered, as, for instance, 
by moving a magnet to and from it, currents will flow in the 
coil as long as the change continues. 

While the magnetism of the core is increasing^ the direc- 
tion of the induced current will be such that it will tend to 
make the iron core a magnet having opposite polarity to 
that actually caused by the induction of the neighbouring 
magnet. 

While the magnetism is decreasing, the direction of the 
induced current will be such that it will tend to make the 
iron core a magnet having the same polarity as that actually 
caused by the induction of the neighbouring magnet. 

Moving Magnet. 

The motion of a magnet past a coil will be fully discussed 
in the next chapter. 
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Construction op Eleotro-Ma.gnbts and Measurement of 

Magnetic Fields. 

General Rule. 

When we have a dynamo machine with magnets of a 
certain size, and wish to construct another with magnets of 
a different size, it is extremely important that we should be 
able to determine what difference in the strength of the 
field will be produced by the proposed change of size, or 
' rather what change iji size must be made to produce a 
desired change in the strength of field. It is impossible to 
calculate this accurately beforehand, but by the method I 
am about to describe the proper size of the magnets may be 
approximately calculated, and then the field produced may 
be accurately measured. 

With magnets of the same general sliape and proportions not 
magnetized to saturation, expending the same horse-power of 
monetizing electricity in every pound weight or in every cubic 
inch of copper in the helix, the magnetic field produced is 
approximately proportional to the total weight of the magnets. 

Saturation. 

When a feeble current is sent round the coils of an 
electro-magnet, the magnetism is proportional to the current 
as the latter increases up to a certain point. 

After a certain point the magnetism increases less rapidly 
than the current, the relative rate of increase becoming less 
and less, until at last a point is reached where further 
increase of current produces no increase of magnetism. 
When this point is reached the magnet is said to be saturated. 
In magnets intended for use in dynamo machines, the satu- 
rating point should not be approached. The maximum 
current that should be used is a current but little in 
excess of that for which the magnetism is nearly propor- 
tional to the current. 

Measurement of Magnetic Field. 

The following instrument (Plate XY.) has been designed 
by me for measuring the intensity of a magnetic field at 
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any point. It is a modification of one iavented by the late 
M. Verdet.+ 

The principle on which the apparatns works is that, if a 
small coil of wire, placed in a magnetic field, moves rapidly 
for a quartev-tum round an axis at right angles to the axis 
of the coil, then the total quantity of electricity generated 
is simply proportional to the strength of the magnetic field 
at the coil-t When the motion is rapid, the qaantity of 
electricity generated ia proportional to the sine of half the 
angle through which the needle of a galvanometer connected 
to the moving coil will swing. 

By using a reflecting galvanometer and diminishing its 
aensibihty by Bhunts,J the angle of awing can be made very 
small, and then iJie strmigth of the magnetic field will le 
niwply proportional to the number of divisions of the aeale 
passed over by the first swing of the light-spot. 

The practical form of the instrument is shown in Plate XV. 

The httle coil consists of an ebonite bobbin wound with 
fine wire, and is held in a light brass frame pivotted on an 
axis. Two stops limit its motion, so that it can turn through 
90°. It is forced against one of the stops by means of a 
spring. By means of the handle it can be turned till it is 
forced against the other stop. On the handle being released, 
the bobbin turns instantly through 90°, under the action of 
the spring. The ends of the bobbin are connected to the 
poles of the galvanometer by means of two thin wires twisted 
together, so that accidental motions of the connecting wire 
through the magnetic field may not afiect the galvanometer. 

The stand of the instrument is so graduated that the 
exact position of the centre of the bobbin in the magnetic 
field can be noted, and so a map of the latter can be con- 
structed with the intensity at each point. 

* See " QHuvres de Verdet," tome i. notes et m^moires, p. 128 ; or my 
■' Electricity," 2nd ed. toI. ii. p. 253. 

t The carreiit ia of varjing intehaity and may be repreHiited Rt 
each iDBtant by d C, ivhere C is the current in amperes. The total q^nanlity 
Q of electricity genei'uled in a time to where Q is measured in uonlombs, 
uiid t ia the time occupied by the bobbin in turning 90°, U 

X The ehnnt need must not be varied during a set of eiperimenta. 
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Lines are engraved on the base from whicli the horizontal 
distances in two directions (at right angles to each other) 
from the centre of the magnet can be measured by 
the rule shown lying on the base, and divisions in the 
vertical stem give the height above the face of the magnet. 
A gauge enables the bobbin to be set vertically over any 
point on the surface of the pole plate. With magnets such 
as are used in my alternating-current machines, the centre 
of the face of the pole plate is taken as ^^ origin/' distances 
measured along the circumference of the magnet- wheel are 
called Xy those along the radius are called y^ and those 
perpendicular to the face are called 2. 

Thus, such a memorandum as 

ar = 3'', 5^ = 0, « = 4'', d = 270, C = 24 amps., 

would mean that at a point on the circumferential line 
3 inches to one side of the centre of the magnet and 4 inches 
from its face, the magnetic field was such as to cause the 
light-spot to swing over 270 divisions of the scale when the 
magnetizing current was 24 amperes. 

To determine when saturation commences, an ammeter is 
put in circuit with the magnet, and the current being 
increased 2 or 3 amperes at a time, the magnetic field due to 
each current is measured. 

The ratio of magnetic field to current is then taken for each 
experiment, and when it begins to seriously diminish with 
increased current, we know we are approaching the satu- 
ration point of the magnet under examination. 

For instance, let us suppose that with a particular magnet 
the following results are obtained : C a^ before representing 
the exciting current, d the strength of the field. 
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We see that after about 18 or 20 ampere 
not getting an increase of mi^netism anfficient to pay 
the cost of the extra amotmt of cnirent nsecl, as we must 
remember that the H.P. expended in sending a current 
throQgh tbe magnet-wire increases as tbe square of that 
current. 

When used to compare the relative strengths of the fields 
produced by these magnets when the same horse-power of 
electricity is being expended per pound of copper, we 
proceed aa follows i — 

One magnet, which is our standard, is made preciaeli' 
similar to one in some machine whose power is well known, 
the other is made of the proposed new form. Both are 
wonnd with wire of the same gauge and are connected in 
series, so that the same current goes through both. An 
ammeter in series with the magnets enables the current to 
be kept constant, and alternate observations are taken of 
the two fields. 

To facilitate the rapid placing of the induction iustrnment 
in position, the pole plates may be advantageously let flush 
into wooden boards on which "latitude and longitude" 
lines are marked. 

An iron core similar to the core of the proposed 
armature coil may be, if desired, fixed in position over the 
pole, and the disturbance of field produced by it can then 
be noted. 

Apparatus for use in cohfihed spaces. 
When it is desired to measure the number of lines of 
force passing across any very narrow space, as, for instance, 
the number passing from a magnet pole to an armaturo 
core, the following modification of the instrument may 
be used. The coil may be wound in the form of a flat diso 
only one wire thick, and may be gummed between thin 
strips of card-board. This can be slid between the magnet 
pole and armature coil, and if jerked suddenly out, currents 
will be induced in it, whose total value is determined by 
the swing of the galvanometer needle exactly as described 
above. 
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COMFAHATIYE MbASUEES OF THE CoEfFICIENTS OF MdTUAL IN- 
DUCTIONS OP VAEIOua SHAPED Colia AND ElECTEO-MAQNBTS. 

Let ua suppose that we have a raachine in which the 
magneta and coils have a certain shape, and that we wish to 
see whether some other shape is better or worse. The only 
way in which this can he determined accurately is by con- 
structing a machine on the new plan, and trying it. 

The following method* will, however, give results suffi- 
ciently accurate to be a very useful guide in devising the 
new machine, and involves only the comparatively trifling 
expense of making one magnet and one coil. The old and 
new coils are each placed in the field of their 




the case of the old coil this may be done without taking the 
machine to pieces. The electro-magnets are connected in 
series, so that the same battery or machine current can be 
sent through both. On this current being made and broken, 
transient currents will be induced in the two coils respec- 
tively. The coils are to be connected to each other " in 
quantity," and their joined ends to the two poles of a 
galvanometer, as in fig. 62, the connections being soch 
that the currents sent through the galvanometer by the 
two coils respectively are in opposite directions. 

On making and breaking contact, it will probably be 
found that the action of one of the coils is greater than that 

• This panigraph is an attempt to explain in unraatliymatical language 
llie method given in Maiwell'a " ElectricitT,'' § 755. vol. ii. p. 364. 
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of the other, aud consequently the needle ia deflected. A re- 
sistance box E beiug introduced into the stronger circuit, the 
resistance is increased until the deflection is reduced to zero. 
The currents being then equal, the E.M.F.s induced in 
the two portions of the circuit are directly proportional to 
the resistances ; or if r, is the resistance of the left-hand 
coilj Ml the coefficieut of mutual iuduction between it and 
its magnet, and t„ Mj the corresponding qnantitiea for the 
right-hand coil, we shall have, — 



M," 



(45) 



I 



The relative inductions in different parts of the field can 
be of course determined by placing the coils in difiereut 
symmetrical portions with regard to the magnets, i.e. by 
moving them both through equal fractions of the total 
distance traversed in a complete phase. 

Belf-Imduction, 

When a varying current, whether alternating or merely 
increasing and diminishing, ia sent through a wire, it acta 
inductively on all wires in its neighbourhood, whether those 
wires belong to other circuits, or are otheT convoluttans of 
the same coil. 

When insulated wire is wound into a coil, and a varying 
current sent through it, each convolution acta inductively on 
all the other convolutions. This action is called self-induction. 

While the current in a coil is increasing the mutual action 
of the wires delays the increase, because it causes an E.M.F. 
in the direction opposed to that generating the current. 

While the current is decreasing, the mutual action of the 
wires delays the decrease, because it causes an E.M.F. in 
the same direction as that generating the current. 

We see that one effect of the self-induction is to retard 
the fJhoBe of the current, i.e. to cause the alternations to 
take place a little later than they would otherwise have 
done. This retardation would not be noticed in any prac- 
tical applications, so we need not concern ouraelves with it. 
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The second eflfect of self-induction is to diminish the 
current. 

It 18 found eo^erimentally, and can he proved mathe- 
matically, that if a coil of wire forms part of a circuity 
and an alternating E,M,F. sends a current through it, that 
the current will he much less than it would have heen had the 
same resistance heen interposed in the form of a straight wire. 

Further, the proportional diminution hecomes greater as the 
cwrrent is increased hy the reduction of the resistance; and 
Jmally, for a given E.M.F., a given rate of alternation, and a 
coil of given shape, a limit is reached heypnd which even 
redv^dng the resistance to zero does not increase the current. 

Fpr example: Suppose the coil to form one coil of a 
dynamo machine,* and let the rest of the circuit be 
incandescent lamps arranged in quantity^ and let the 
resistance of the coil be very small compared to that even 
of a considerable number of lamps, then if there were no 
self-induction the current should proportion itself to the 
number of lamps inserted, as explained on page 26. 

The effect of self-induction is, that, after a certain number 
of lamps are inserted, a limit is reached when diminishing 
the resistance by the insertion of more lamps does not pro- 
portionately increase the current; and that limit represents 
the number of those lamps which can be maintained on that 
circuit. 

The mathematical proof of the above propositions is of a 

complex nature, but the geometrical diagram (fig. 63) is 

useful to illustrate the fact that self-induction diminishes 

the current. 

^ In fig. 63 let horizontal 

distance represent time, 
and let vertical height 
above the line A B' re- 
present strength of cur- 
rent. Let the points A 
and B represent the in- 
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Fig. 63. 



* It most be remembered that all dynamo-machines produce alter- 
nating currents, though in some machines the currents are made direct 
after they leave the coils and before they leave the machine. 
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stants irben a N. and a S. pole respectively pass 
of the coiL 

Now, if there were no self-indnction the rise and fall of 
the current would be represented by the curve A C B. The 
dUTeni would begin to increase from zero at the instant 
A as the If. pole passed the core, and would return to zero 
at the instant B as the S, pole passed. The height D C 
represents the maximum current ; the steepness of the slope 
A C (i.e. the angle D A C) represents the rate of in- 
crease ; that of the slope B C (i.e. the angle D B C) the 
rate of decrease. 

Now one effect of self-indnction is to retard the phase, 
ie. to shift the zero points A B to the positions A' B'. It 
does not, however, alter the length of the phase, and there- 
fore the length A' B' remains equal to the length A B. 

But both the rate of increase and the rate of decrease of 
the current are reduced by self-induction, and hence the 
slopes of the sides of the triangle are reduced, and are now 
represented by the sides A' C and B' C. 

But if there are two triangles on equal bases, the one with 
the smallest slope of sides must be the lowest, or must be 
contained between narrower parallels than the other ; and we 
see that the height D" C of the triangle A' B' C is less than 
that of the first triangle. 

Now the total quantity of electricity which has passed 
during the phase, or the total integral value of the current, 
is represented by the total area of the curve; i.e. the area 
of the triangle ABC represents the total quantity of elec- 
tricity which would have passed if there had been no aelf- 
induction, and the area of tie triangle A' B' C represents 
the total quantity which has actually passed. 

It is easy to see that the triangle A' B' C is the smaller of the 
two ; for WB know from Euclid that triangles on equal bases 
and between the same parallels are equal, and hence of two 
triangles on equal bases and between different parallels, the 
one between the narrowest parallels mnst be the smallest. 

"We have hitherto assumed that the retardations of both 
the increase and decrease are equal ; but if they were not, 
but the curve had the form A' C" B', the reasoning would 
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not be aflfected, for the triangles A' C B' and A' Of' B' are 
on the same base and between the same parallels^ and hence 
are equal. 

Coefficient of Self-induction. 

The amount of self-induction which takes place with a 
given E.M.F., a given rate of alternation, and a given re- 
sistance, depends solely on the shape of the coil. For each 
coil there exists a quantity called the coefficient of self -in- 
duction. For a few simple forms of coils without iron cores, 
mathematicians are able to calculate this quantity. I am not 
aware, however, that they have succeeded in doing it for any 
of the oval, wedge-shaped, and ring-shaped coils most 
commonly used in machine construction, nor for any coils 
having iron cores such as are employed in nearly all the 
machines in use except the alternating Siemens. We can, 
however, obtain from the results of mathematical analysis 
certain information as to which form of coils are better and 
which worse than certain other forms, it being remembered 
that our object in settling the shape of our coils is to make 
the self-induction as small as possible consistently with the 
necessity of making the induction of the magnets as large as 
possible. 

Ths circuit of minimum self-induction is a wire doubled 
back on itself, so that the two equal currents flowing in 
opposite directions are close together. This form cannot be 
used in machine construction, as opposed E.M.F.s would be 
induced in the two halves. 

All resistance coils are wound in this way, i.e. the wire 
is doubled in the middle, the two ends are attached to 
the terminals, and the doubled wire wound on the reel. 
They have thus neither self-induction nor mutual-induction. 

The next best form is a circuit consisting of a single thin 
wire. The thinness of the wire which can be used is in a 
machine limited by its resistance. When a single thick wire 
is used, the self-induction begins to increase, owing to the 
mutual action of the currents in different parts of the section 
on each other. In fact a thick wire acts like a bundle of 
thin ones. 
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With a coil of wire the self-induction is again increased. 
I do not know of any experiments or results of mathematical 
analysis which give us any information as to the best shape 
of coil which can be got into a magnetic field of a given 
strength^ and whether it should be extended laterally or 
longitudinally^ i.e. whether (the lines of force being for in- 
stance along the axis of the coil) the latter should be a rod 
or a disc. 

Professor Clerk Maxwell has^ however^ calculated* the 
form which a coil without {in iron core should have so as to 
have the maximum coefficient of self-induction, i.e. to be the 
worst possible coil for use in a machine. To obtain this 
result Professor Maxwell finds that— 

If the transverse section of the coil is circular^ the mean 
diameter of the coil should be 3.22 (fig. 64) times the dia- 
meter of the circular wire channel. 





Fig. 61. Pig. 66. 

If the wire is wound in a square groove, i.e. if the groove 
has a square transverse section^ the mean diameter of the 
coil should be 3.7 times the side of the wire channel. 
(Fig. 65.) 

We see^ therefore^ that in constructing a machine we 
must make the shape of the coils differ as widely as possible 
from the above proportions. 

When an iron core is used^ the coefficient of self-induction 
is greatly increased. It must, however, be remembered that 
the mutual induction between the coil and the magnets is 
increased at the same time. Thus the introduction of an 
iron core increases the current by increasing the action be- 

* MaxweU'd " Electricity/* § 706, voU ii. p. 316, 
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tween coils and magnets^ and decreases it by increasing tlie 
self-induction. Whether the net result is an increase or 
decrease of current, is a point on which there has been a 
fipreat deal of controversy. 

My own opinion is strongly in favour of iron cores, and 
I use them freely in my own machines, as do Edison, 
Grompton, and others ; Messrs. Siemens Brothers, and 
Messrs. Ferranti make their machines without them. 

In support of my own opinion, I may quote an ex- 
periment made on the LachaussSe-Lambotte machine 
during the Paris Exhibition of 1881. The LachaussSe- 
Lambotte machine is one with a number of sepa- 
rate coils. Two coils were constructed, one with an iron 
core and one without, all other conditions being exactly 
identical It was found that the output of the coil with the 
iron core was '^ notably superior^' to that of the other.* 

COMFABISON or THE COEFFICIENTS OF SeLF-INDUCTION OF TwO 

Coils. 

If we are doubtful which of two coils is the best to use 
in a machine, we may compare their coefficients of self- 
induction by means of the following rule which is given 
by Maxwell : — 

Insert the two coils into two adjacent branches of a 
Wheatstone's bridge (fig. 66) . 




Fig. eo. 

* Gaeroat, '*La Lumi^re Electrique" (Journal), torn, iv., p. 389; 
Sept 24, 1881. 
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Let the coefficients of self-ind action of the two coiU be L 
and N respectively. Let there be resistances a, h in the 
same sides of the bridge as the coils L and N respectively. 
Let the total resistance of the coil L, and the resistance a be 
K, and that of N and h be r. 

Then in order that there shall be no permanent current 
through the galvanometer, we mnst have, as before, the 
products of opposite sides of the bridge eqnal, or, — 



Sr = «R 



(42) • 



The permanent current depends only on the resistances ; 
the transient cnrrent, i.e. the sndden moving of the needle 
on making and breaking contact, depends on the ratio of 
the coefficients of self-induction of the two coils. 

Professor Maxwell has shown -f" that the condition for no 
transient current is, — 



(46) 



Now we cannot tell whether there is or is not a transient 
current, until we have arranged that there shall be no per- 
manent current. We mnst therefore vary the resistances 
till there is no permanent current, and then see if there ia 
a transient cniTent. If there is, we must alter one of the 
resistances a, b, and at the same time alter the resistance 
s or S, till there is again no permanent current. We must 
then again try if there is a transient current. We must go 
on repeating the adjustments till there is no deflection of the 
needle, either permanent or transient, on ranking or breaking 
contact. When this is the case, equation (4f}) gives the 
ratio of the coefficients, or we may write it,— 



(47) 




pRACTicax Method. 
The above method is a troublesome oi 

• Page 53. 

•f The conditiiiu of no galvanometer CDrreatis 



1 to use. and does 



the two brandies respectively-— 



Maiwell's " Electricity," § 757, vol. ii p. 
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not give its result in a very useful form. The following 
method may be used in practical work ; — 

To find how much a current of given U.M.F,, and of a 
given rate of alternation, will be diminished by the self- 
induction of any coil. 

Take the resistance of the coil in the ordinary way, then 
the amount of direct current which would pass through it 
with the given B.M.F. is given by the formula (I), p. 12, — 

^^- R 

Then by means of an electro-dynamometer measure the 
amount 0^ of alternating current which will pass with the 
same mean E.M.F. Then 

P,, = 100. ^° ~ ^^ . . . (48) 

is the percentage diminution of current caused by the self- 
induction, and 

R8i = ^R (49) 

is the apparent resistance due to the true resistance B and 
to the self-induction acting together. 

The apparent resistance is also given by the formula, — 

B,.=5- (50)* 

^A 

These quantities Psi, Rsi, will be different with different 

E.M.F.s and different numbers of alternations. 

C 
For a given E.M.F. and alternation rate, the ratio ~ 

will be different with different values of R + />, where p is 
any other resistance that may be in series with R. In 
any given electrically lighted district, the E.M.F. and the 
alternation rate will be constant. 



* Compare (3), page 12. 



CHAPTER X. 

•TSiHa^:^ PsncTFLBs of Elbct^ic Gk^kkatoss. 

«»iHi!ti'x TsaeoBjrs msr be considered as machines 
Sir mnwm^ ma^rxets past coils of wire (which cofls may 
or mw- msn haew^ irrni ccpss or cofls of wire past magnets. 

The iiif:}i3ciL s alwmjs cxrcnlar, L^. die coils are attached 
to iSse rim. of a w^eeL 30 that as the rim revolves^ they 
pass l£e Tnagaets asam and strain. 

EfiiciRscT OF MACHnns. 

In a weC-CQGStnxcced djnamo machine of any consider- 
able S2& die aznount of horse-power wasted in mechanical 
^ictioa ^ extremely small. Almost the whole horse-power 
expended is leed in producing' dectric cnrrents^ which in 
IheL torn produce heac. 

Part of the heat is prodnced in the honps, part in the 
conducting' wires, and part in the coils of the machine 
itself. The heat prodoced in the hunps is nsefbl^ that pro- 
duced in the machine and wires is useless and injurious. 

The efficieney of a machine is the ratio of the useful to the 
total heat produced, that is, of the useful to the sum of the 
useful and useless heat. 

Oar object in constructing a machine is to make this 
ratio as high as possible, or in other words, to make the 
quantity of heat produced in the machine and leading wires 
as low as possible. Now the relative amounts of heat pro- 
dnced in different parts of a circuit all traversed by the 
same current are simply proportional to the relative resist- 
ances of the different parts. 

We can diminish the heating of the leading wires by 
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making them thicker, the limit being reached when the 
annual interest on the cost of the wires becomes a more 
serious item of expense than the annual cost of the heat 
wasted. 

We must diminish the resistance of the wire of the 
machine as much as possible, without unduly diminishing 
the E.M.F. We must remember that the E.M.F. depends 
among other things on t.he length of wire on the coil, for 
the longer the wire the more lines of force it will cut. 

If we make our wire long and thin we shall increase our 
resistance; if we make it long and thick, a considerable 
part of it will be a long way from the poles of the magnets. 

We must remember, however, that increasing the length 
of wire is not the only way to increase the E.M.F., for the 
E.M.F. is also increased by increasing the strength of the 
magnetic field, and by increasing the velocity with which 
the wires move through it, or with which it moves over the 
wires. 

The magnets may be made very strong. The limit of 
their power is, if steel magnets are used, given by the fact 
that the size of a steel magnet increases with its power, 
and if it is very large its pole cannot all get near the wire. 

With electro-magnets the size is limited by the expense 
of the current required to excite them. 

The third way of increasing the E. M.F. is by increasing 
the speed of the machine. The possible speed at which a 
machine may be run is limited only by the centrifugal force 
tending to make it fly to pieces. The practical speed is 
limited by mechanical and engineering considerations to 
a much lower limit than would be allowed by the centrifugal 
force^ for high speed means increased wear and tear of 
machinery and greater liability to break down, and it is 
very bad policy to diminish the cost of a machine per lamp 
say twenty per cent., by an increase of speed which will 
doable or treble the depreciation rate. 

General Types. 

An immense number of generators have been devised, of 

K 2 
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different forms, but they may all be resolved into two 
general types, viz. : — 

{1} The " alternating" type, where a uumbei- of coils are 

placed on the rim of one wheel, and a number of magnets 
on the rim of another concentric with it, and one of the 
wheels being fixed, the other is caused to revolve. '' Alter- 
nating currents," i.e. currents alternately in opposite 
directions, are produced in the coils, and are either used as 
alternating currents, or are converted into direct currents 
by being passed through a "commutator" before they go 
into the line. 

(2) The " direct " type, where the wire is wound con- 
tinuously round a ring of irou, the winding being as if the 
wire were wound spirally round a long iron bar, which was 
afterwards bent so as to form a ring. In this type the ring 
revolves betwef n two (or sometimes four or six) magnet- 
poles, and although the currents are alternately in opposite 
directions in any portion of the wire, they are always in the 
same direction in the wires which are passing either pole. 
ITiese currents are " collected " by suitable apparatus and 
are passed as " direct currents " into the line. 

We shall first discuss the alternating type, as it is the 
simpler of the two, and we will consider the — 



Motion of a Magnet Fole past a Coil with an Ikon 
Core. 

If the circuit is broken so that no current can be induced, 
110 worh * is done as the magnet passes the core, for it in- 
duces a polarity opposite to its own, causing an attraction ; 
and as it approaches the core, the attraction helps the motion; 
and as it leaves it, it retards the motion ; and these two 
opposite actions are equal. 

We uote tbat white the magnet is approaching the core 
the magnetism of the latter is inereas-imj, while it leaves it ia 
decreasing. 



* Nu work is dona by an E.JI.f. whi'n the c 
Compare aquation H), page 16 ; — 

H.P. = -H!,. W'.KU U U inaniU. II.P. u 



'. flow. 
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When the circuit of the coil surrounding the core is closed, 
cnrrents flow such that, while the magnet is approaching and 
the magnetism of the core increasing, they tend to cause 
a polarity opposite to the induced polarity of the core^ and 
the same as the polarity of the approaching magnet, and hence 
ddminiah the attraction which is helping the motion. 

When the magnet has passed the core, and the magnetism 
of the latter is decreasing, the induced currents tend to 
cause a polarity the same as that induced by the magnet, 
and hence increase the attraction which is retarding the 
motion of the magnet. 

Work has then to be expended in moving the magnet, 
and this work is proportional to the sum of the two 
differences of attraction mentioned) namely, to the sum of the 
diminution of attraction when the poles were approaching, 
and of the increase of attraction when they were re- 
ceding. This work is the work expended in producing the 
currents. 

The above argument may be more concisely expressed 
by means of symbols.* Let W be the total work required 
to move the magnet from the iron core to a distant point 
when no current is allowed to flow. Then — W will be 
the work required to move it from a distant point to the 
core. The total work required to move it past the core, i.e. 
from a distant point on one side to a distant point on the 
other, will be the sum of these two quantities, i.e. will be 
W - W = 0. 

When the circuit is closed the induced currents diminish 
the negative work done to bring the approaching poles 
together, by a quantity which we will call D, and it becomes 
— (W — D). When the poles are receding, the induced 
cnrrents increase the work required to separate them by 
the same amount, and it becomes W + D. 

The total amount of work done in passing the pole is 

then 

W + D-(W-D) = 2D. . . (61) 

* The Btudent who is unfamiliar with algebra is cdvised not to trouble 
himself with this paragraph, as it is only a different way of stating what 
ban already been stated in words. 
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Phasbs of ak Alternatb-curbbnt Machisb. (Plate XVI.) 

Plate XVI. represents the phases of a typical alternate- 
CQirent machine during one complete cycle of change, i.e. 
from the time a S. pole leaves a given core to the time a S. 
pole arrives at it again. 

The three circles A, B, C, which in practice would be 
arranged with others round a large ring, represent three coils 
of the machine. The small central circles are their iron cores. 
The squares are the poles of the moving magnets. The five 
lines represent the same three coils at five successive phases 
of the cycle. 

We will fix oar attention on the changes which take 
place in the centre coil B. 

In position 1, the core of B has a S. pole exactly over it, 
andhas the maximum of induced N, magnetism. When the 
magnets begin to move towards position 2, the N. polarity of 
the core of B diminishes, as a S. pole i.s leaving it and a 
N. pole approaching it. A current is therefore generated 
in the direction opposite to that which would make a N.pole 
in Bj i.e. in the direction of the arrows in line 2. 

In position 2 the core has no polarity, for it is acted on 
equally by a N, and by a S.pole. The instant the magnets have 
passed position 2 the core begins to acquire a S. polarity, 
as the action of the receding S. pole is diminishing and 
that of the approaching N. pole increasing. 

The increasing S. polarity induces a current in B in the 
same direction as would make a S. pole in B, i.e. in the 
same direction as before. Thus the current from position 1 
to position 3 is in the same direction. 

la position 3 the S. magnetism has attained its maximnm, 
and now begins to diminish, hence a current begins to flow 
in the opposite direction, i.e. the direction shown by the 
arrows in position A, and it continues to flow in that 
direction till position 5 is reached, when it is again re- 
versed. 

Thus we see that the direction of the current reverses at 
positions Ij 3, 5, and therefore, by the law of continnity, it 
must have zero value in those positions. 
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It attains its maximum value in what we will call the 4- 
direction at some position between positions 1 and 3^ and 
its maximum value in the — direction, in some position 
between 3 and 5. 

These maxima will b^, approximately, in positions 2 
and 4, but will not in general be accurately in those 
positions. 

The positions of the maxima are displaced by the fact 
that the phase of an induced soft-iron magnet lags a little 
behind the phase of the inducing magnet, and owing to 
iron requiring a certain small time to acquire its induced 
state. The phase of an increasing induced magnet will lag 
a little more than that of a decreasing one, as iron gains 
magnetism less quickly than it loses it. The displace- 
ments depend on the size and hardness of the iron cores 
and on the speed of the moving magnets. 

The minima positions 1, 3, 5 will also be displaced, but 
probably not so much as the maxima. 

The maxima are also displaced by self-induction, as ex- 
plained on page 122. 

If we consider the direct actions of the magnet-poles on 
the wire, we see that in the maxima positions 2 and 4 the 
poles are acting on both sides of the coil. 

Reaction on the Magnets. 

We now have to consider whether the induced currents 
have any reaction on the magnets, and if so, whether it 
tends to strengthen or to weaken them. 

We know that any iron placed near a magnet-pole in- 
creases its strength. The poles therefore have their maximum 
strengths in positions 1, 3, 5, and their minimum strengths in 
positions 2, 4. When no induced currents are flowing, the 
strength of the poles decreases in moving from 1 to 2 and 
from 3 to 4, and increases again in moving from 2 to 3 and 
from 4 to 5. 

Let us now close the circuits and consider the actions of 
the induced currents on the magnets. 

It will be simpler if we suppose the magnets to be 
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electro-magnets, and consider the action of the induced 
currents on the magnetizing currents. The sniall arrows 
surrounding the square magnets show the directions of the 
magnetizing currents producing the polarities marked on 
them. 

We remember that an increasing current induces another 
in the opposite direction to itself, and a decreasing cnrrent 
one in the same direction. 

We assume the electro -magnets to be all connected to- 
gether and magnetized by the same current, so that any 
change caused by an action on the current in any one of 
them is equally divided between all, so that they remain 
equal to each other. 

Now from position 1 to position 2 there is an increasing; 
current in the coil B, and hence it induces currents opposite 
to itself in the coils of the electro -magnets. Hence we see, 
by referring to Plate XVI., line 2, that the reaction diminishes 
the magnetism of the N. pole, and increases that of the S. 
pole. 

But through the whole of the motion from position 1 to 
position 2 the S. pole ii iieare}- to the core than the N. pole; 
hence the increase of the magnetizing current caused by 
the reaction of the induced current on the S. electro- mag net 
pole is a little greater than the decrease caused by the re- 
action on the N. electro -magnet pole, and hence the total 
effect of the induced current between positions 1 and 
2 is to cause a slight ■increase of the power of thi' 
magnets. 

From position 2 to position 3 there is a decreasing cur- 
rent in coil B, and hence it induces a current in neighbour- 
ing coils in the same direction as itself. Its tendency is 
thus to decrease the S. pole and to increase the N. pole. 
But during this portion of the motion the S, pole is further 
away from the coil than the N. pole, and hence the decrease 
of the S. pole is less than the increase of the N. pole, and 
there is in this phase also a small total increase of mag- 
netism caused by the reaction of the coil. 

In the same way an increase occurs in phases 3 to 4, 
and 4 to 6. 
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Effect of Self-Induction. 

Whenever, as in dynamo machines, the currents in coils 
are rapidly reversed, the effects of self-induction become 
important. 

Speaking generally, the effect of self-induction is that, 
with a given speed, magnet, and armature coil, the current 
produced is less than it would otherwise be. 

This diminution, however, does not, to the best of my 
belief, waste energy or diminish the efficiency of the machine ; 
it only diminishes its output. 

With the diminution of output comes a corresponding 
diminution of H.P., so that if by running the machine 
faster we bring the output up to what it would have been 
if there had been no self-induction, we only increase the 
H.P. in the same proportion, so that the ratio of output 
to H.P., i.e. the eflSciency of the machine, remains 
unaltered. 

• Thus self-induction increases the size of machine required 
to feed a certain number of lamps, but it does not perceptibly 
increase the H,P. required to drive tlie machine with that 
n/mnber of lamps on it 

The effect of self-induction increases as the current 
increases, and therefore short circuiting a coil of an alter- 
nating machine does not indefinitely increase the current in 
that coil, and seldom increases it enough to injure the 
insulation. 

The effect of self-induction in diminishing output can be 
utilized in regulating machines ; for if a number of coils be 
connected in quantity to a number of lamps in quantity, 
then cutting out one or more coils reduces the number of 
coils through which the current can flow, and thus increases 
the self-induction and diminishes the E.M.F. at the 
lamps. 

General Principle of Direct Current Machines. 

The direct current type of machine may be divided into 
two sub-types, namely, the " Gramme '^ machine and the 
'' Siemens ^' machine. 
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The Gkamme Sub- Type. 



Fig. 67 13 a diagram of a machine of the first aub-type. 
It consists, as we have already stated, of a ring of soft iron 
round which wire is wound as a continuous spiral, forming a 
closed circuit. 




It revolves between two poles of opposite names, the 
lines of force from which terminate in the ring, as shown in 
fig. 68, which represents a section made through fig. 67 by a 
plane in the line N" S of fig. 67, and at right angles'to the 
plane of the paper. 



Wl\\ 



As the ring revolves these lines of force are cut by the 
moving wires, and electro -motive forces are generated in 
the two halves of the ring in opposite directions, so that they 
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meet and oppose one another at tlie nentral points N Pj 
as in fiir- 69. 



f 



T\ \ 






Ae long as no further connections are made, no carrent is 
generated, and no H.P. expended. If, however, the points 
N P are connected through an external circuit, snch as a 




namber of lamps, the two halves of the ring will act like two 
batteries in parallel circuit, and a current will flow, as in 
fig. 70. 
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We aee that, owing to the ring being in motion and the 
neutral point necessarily at rest, a permanent connection 
between the line and the wire in the ring cannot be made, 
bnt a special device baa to be employed. 



The Collector. 
The collector is made of a barrel oi: wood or other in- 
sulating material, shown in the centre of fig, 71, on which are 
a number of insulated metal strips. Each of these strips is 
connected by a wire to the part of the spiral wire opposite to 
. it. Two metal brashes press or rub onthe strips at the 

^^H^ points * P N, where the opposite electro -motive forces diverge 

^^^1 and join again. These brushes convey the current to the 

^^^K external circuit. 

I ^°' 

on 

I rir 

thi 




TUE SiKMENf! SuB-TtPK. 



In this type of machine the wire is wound longitudinally 
round an iron barrel. It differs from the Gramme ring by the 
omission of those parts of the wire which pass inside the 
ring. Pig. 72 shows the Gramme type in section, fig. 74 
the Siemens type, and fig. 73 an imaginary intermediate 
type. 



V 



* These points are not usually tbe symmetrica! points, as ahowii in 
fig. 71, but are displaced by the time required for the iron of the ring to 
change iU mEtgnetiGm, ts.* will be explained ktei-. 



Theory of the Siemens Machine. 
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The collector in this type of machine is similar to that in 
the Gramme type. 
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Fig. 72. 



Fig. 73. 




Fig. 74. 



Peoduction op Magnetism in the Field Magnets. 

The direct type of machine can " excite ^^ its own magnets, 
as a portion of the current generated is sent round their coils. 
The alternating ty^Q has to have its magnets excited by a 
small auxiliary direct-current machine. There are three 
forms in which the direct -current machines are constructed 
to excite their own magnets, and they are called respectively, 
" Series-wound/^ " Shunt-wound/^ and " Compound." 

In the aeries-wound dynamos the magnets are wound with 
a comparatively short length of wire thick enough to carry 
the whole current generated, and are connected in series with 
the armature and brushes. The first time such a machine 
is worked it must be excited separately by a battery or by 
another machine. 

When once the magnets have been excited, a feeble 
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residual magnetism will remain in them. On the machine 
being worked this feeble magnetism developes a feeble 
current in the armature ring. This feeble current passing 
through the magnets strengtiens them, and they in turn 
strengthen the current in the armature. These alternate 
reactions go on until the maximum current that the machine 
can give is being generated.* 

This maximum is limited first by the external resistance, 
or, if the machine be short-circuited, it is limited by the 
magnets approaching their saturation-point, and by the 
internal resistance of the armature. 

The practical current that can be taken out of such a 
machine is limited by the capacity of the wire to carry it 
without undue heating. 

Short-circuiting a series-wound dynamo will do either one 
of three things : burn through the insulator, or by the extra 
H.P. absorbed, throw oflF the belt or pull up the steam-engine. 

In shunt-wound dynamos the magnets are wound with a 
large quantity of thin wire, which is connected to the armature 
brushes in quantity with the lamps or other external circuit. 
The currents in the magnets and lamps then divide ac- 
cording to the ordinary rules of divided circuits. The same 
alternate re-inforcement of the current and magnets goes 
on as in the series machines. Short-circuiting a shunt- 
wound dynamo simply stops the current, as it removes all 
the current from the magnets. 

In compound machines the magnets are wound partly 
shunt and partly series. These machines will be discussed in 
the chapter on the regulation of dynamos. 



* The time required for the current to reach its mazimam varies from 
one or two seconds with small machines to aboat three minates in the 
large Edison machine. 
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CHAPTER XT. 

ON DESIGNING DYNAMOS AND ON THEIR MECHANICAL 

CONSTRUCTION. 



Application of Mathematical Analysis to Machine 

Construction. 

'Engineers are often disappointed to find the small amount 
of help which mathematicians are able to give them in 
practical work. For instance, if we give to a mathematician 
scale-drawings of two forms of coils, he is seldom able to 
tell ns what will be their relative co-efficients of self- 
indoction. 

The failure of mathematical analysis to help us in the 
^ore complex problems of our profession has too often 
caused engineers to neglect not only mathematical analysis, 
"but even arithmetical calculation, and consequently working 
empirically, to make numerous costly and even dangerous 
mistakes. Without mathematical reasoning (although it 
need not necessarily be expressed in symbolical language) 
no real progress can be made. The best work will, however, 
be done by men who, possessing mathematical knowledge, 
will yet not blindly trust to their symbols, but will insist on 
knowing the physical and material meaning, not only of 
the two ends of their analysis, but of every intermediate 
step. 

Mathematical reasoning is an invaluable aid to the 
engineer, but whenever he trusts to mathematical analysis 
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instead of to engiBeeriug skill, whenever he prefers the 
manipulation of symbols to the manipulation of machinery, 
disastrous failure will be the result. 

The reason of the nn trustworthiness of mathematical 
results ia due not so much to any defect in the mathematics 
as to the impatience with which the purely mathematical 
temperament regards the experimental limitations which 
are necessarily present in practical work, bat which the 
mathematician is not accustomed to in his owe studies, and 
to the complexity of the conditions of the problems pre- 
sented to him. 

The mathematician working on paper ia at liberty to 
assume conditions which cannot be satisfied in practice; 
for instance, that all parts of a coil of wire are equidistant 
from the magnet, and that parts of the machine not intended 
to act on each other are at an infinite distance apart. 

Further, the mathematician generally considers his 
reault complete if he produces a formula connecting the 
quantity whose value is required with four or five "con- 
stants," whose value he assumes to be known when he has 
indicated them by the earlier letters of the alphabet. As a 
rule, the measurement of these constants ia a matter of 
greater experimental difficulty and expense than the direct 
determination of the quantity required. 

Lastly, mathematicians are seldom engineers, and it con- 
sequently sometimes happens that a machine which is 
excellent electrically, is so designed that it could neither be 
constructed, put together, nor taken to pieces * Perhaps it 
has all its bolts in positions which cannot be reached by the 
spanner, or has its revolving part supported only at one end, 
so that it must shake and rattle directly it is set in motion. 

Therefore, as mathematical knowledge is essential, and 
as mathematicians cannot be trusted to design machines, 
the only way in which real progress can be insured, is for 
practical engineera to acquire for themselves such mathe- 
they require. Then their mathematics 
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will again and again assist them in their designs^ and their 
practical experience will tell them when symbolic reasoning 
has led them to an absard result. 

In designing a dynamo, a first sketch may be made 
showing the magnets and armature coils in their proposed 
relative positions. The proportioning of the relative sizes 
of magnets and armature coils in any new type of machine 
is more an art than a science, i.e. it depends more on the 
individual skill of the designer than on rules which can be 
printed. 

It is a good plan in designing new types to draw 
everything full size '* freehand ^^ on a large board, and 
then, when satisfied with the appearance, to measure the 
sketch, vaiying it as we go on, to correct disproportions, 
and to bring the dimensions to even measurement. Scale- 
drawings can then be made from the sketch, and will be 
ready for criticisms based on measurements of the quantities 
of iron and copper in the magnets and armature as drawn ; 
for it is much easier to calculate what a machine of certain 
proportions will do, and to alter those proportions to make 
it do something else, than to design a machine directly for 
a particular work. 

When once a machine of any particular type has been 
successfully tried, it is easy to design another of the same 
type, but of different size. If we are designing a machine 
larger than our model, it is safe practice to consider 
that the strength of magnetic field, the proportions of the 
magnets being unaltered, is proportional to their weight, and 
that the proportion of armature to magnets should remain 
unaltered. If we are making a machine smaller than our 
modlel, the magnets must be somewhat larger than this rule 
would give. If the electro-motive force of the big machine 
is to be the same as that of the small one, the wire in the 
armature must be proportionately shorter and thicker. 

The simplest way of working is to calculate what would 
be the E.M.F. if the wire had been the same as on the 
model, and then to calculate the proper gauge of wire by the 
following rules : — 

(1 ) With an armature coil carrying a given volume of wire, 

L 
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then other things being equal, the E.M,F, is proportional to 
the length of the tvire. 

(2) The volume of wire on an armature coil is proportional 
to the length of the wire multiplied by its section. 

Whence — 

With a given ai*mature coil the E,M,F. will be inversely 
proportional to the section of the wire. 

Example. 

The wire on an armature coil is '105 inch diameter, and 
the E.M.P. is 170 volts. What must be the diameter to 
give an E.M.F. of 100 volts ? From the tables at the end 
of this book we see that the section of wire '105 inch 
diameter is '00882 sq. inch. 

The section of the desired wire must be then — 

j^ X -00882 = -0149, 

and a further reference to the tables shows that this is a 
wire whose diameter is '138 inch. 

In designing a machine larger than a model, but of 
similar proportions, the output is a function of the linear 
dimensions, say of the diameter of the revolving wheel, and 
mathematical analysis shows that the output should in- 
crease in a ratio between the 4th and 5th power of the 
ratio of diameters, say the 4|th power. 

This means that if a machine of a certain diameter could 
feed a certain number of lamps, one of twice the diameter 
could feed 2^* or 22*6 times that number. 

In practice, however, the result obtained does not much 
exceed the third power or cube of the diameter, which 
means that if a machine of a certain diameter feeds a 
certain number of lamps, one of twice the diameter will feed 
2' or 8 times that number. In other words, the practical 
rule is that the output will be proportional to the weight of 
the machine. 

The use of the 3rd power in calculations is very safe 
practice and allows ample margin, and the engineer who 
uses it as the basis of his work is not likely to be dis- 
appointed, but will always find that his machines will do 
rather more than he has promised they shall do. 



On designing Dynamo- Machines. 147 

We may here note that an approximate rule for the 
quantity of wire a bobbin will hold is that for moderately 
thick wire, double cotton covered, each cubic inch of space 
will hold ^Ib. of wire. 

Example, 

How much No. 7 wire would a circular bobbin hold, 
whose external diameter is 8 inches, internal (i.e. outside 
the tube), 3^ inches, length between flanges 5 inches ? 

Area of circle 5 in. in diam. is 19*6 sq. in. 7 See tables at 
3i „ „ 9*6 „ 5 end of book. 

Difference 10*0 ,, = area of wire space. 

Whence volume of wire space = 5 x 10 = 50 cubic inches, 
and the weight of wire will be -g = 8 J lbs. 

This rule is, of course, a rough one, but it is near enough 
to be very useful in practice, and is quite near enough to 
purchase wire by. 

The next stage of the design should be the making of a 
specimen magnet of the proposed pattern and size, and the 
examination of its field with the Field-measurer already 
described.* 

Varying currents should be used up to the full H.P. 
which it is proposed to expend in the magnet, and the field 
should be measured for each current. 

If the magnet approaches saturation before the current 
has received its maximum value, it means that there is not 
enough iron in the magnet in proportion to the copper and 
to the H.P., and thQ core must be made larger. 

If the machine is one of a type which has already been 
tried, then a magnet of the model machine may be placed in 
series with that of the proposed machine, and the same 
current sent through the two, and their fields can be 
compared. 

For this experiment the bobbins of the two magnets must 
be wound with wire of the same gauge, and then the H.P.s 
expended per cubic inch will be the same in both. When 

* See page 117, Plate XV. 
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the machine is constructed, any other gauge of wire may be 
Qsed that suits the E.M.F. of the excitiug current. This 
change will not alter the strength of field produced per 
H.P. expended in the magnetizing coil. 

Aeuatdee (JoiLS. 

Armature coils (i.e. the coils in which the current is to he 
ioduced) are made both with or without iron cores, and 
there has been much controversy as to which gives the 
better result. 

The use of iron increases on the one hand the useful 
induction, and oil the other it increases the nseleas self- 
induction, and wastes a certain quantity of heat in the 
reversals of its magnetism, and in the currents induced in 
itself. The two last causes of waste can be greatly reduced 
by proper annealing and by suitable slits in the metals. 

My own experience is strongly in favour of the use of 
iron cores, for both electrical and mechanical reasons. 

I approve of them electrically because I believe that 
the increase of useful effect is very much greater than the 
increase of waste effect, and because of the much greater 
length of armature coil (measured along the axis) which 
can be brought int(i the magnetic field when the lines of 
that field are concentrated by an iron core, than when they 
are diffused. My own and the De Meritens alternating 
machines, and nearly alt direct- current machines, are made 
with iron cores, and the alternating machines of Siemens 
and Ferranti are made without them. 

The mechanical advantages of iron cores are also very 
great, as they allow machines to be strongly constructed, 
which is not possible when the cores or other supports of 
the coils are made of wood. 

As to the proportions of armatures, no mathematical rule 
can be laid down, but a skilled engineer can generally 
sketch out an armature to work under any given circum- 
stances, which will, when tried, be found to be successful, 
and such that any deviation from it will be less successfuL 

la making a machine of a known type, the length of 
wire required to give the same E.M.F. as the model is by 
theory inversely proportional to the product of the number 



On designing Dynamo-Machines. 149 

of reversals per minate by the strength of the magnetic 
field (so that, for instance, if the magnetic field were twice 
as strong, and the number of reversals the same as in the 
models the wire in the armature should be half the length 
that it has in the model). 

In practice this rule is not quite accurate, but has to be 
modified by practical considerations. The section of the 
wire is that which, with the calculated length, will just fill 
the armature bobbin. 

This rule (as modified) will give a result near enough to 
the correct one to enable us to wind one bobbin for ex- 
periment. Having tried it in the machine and measured 
the B.M.P, produced, we can calculate the diameter of the 
wire, which will give us the exact B.M.P. wanted, by the 
rule given on page 146. 

Having drawn the magnets and coils of right proportions 
and in their right positions, we have to think how they are 
to be supported in those positions, and how one or other of 
them can be moved rapidly past the other, and here we meet 
our first diflSculty. 

If metal passes through a magnetic field, electro-motive 
forces are induced in it. If the metal forms a closed circuit, 
these electro- motive forces will produce currents which heat 
the metal and consume horse-power. 

If the metal forms a circuit of very low resistance, the 
heating and horse-power will both be very great. If, for 
instance, a metal disc be turned between the poles of a 
powerful magnet, it will take an enormous horse-power to 
turn it rapidly, and the heat will very likely be sufficient to 
melt the disc. 

In carrying coils of wire through a magnetic field, rigidity 
and strength are required in the supports connecting the 
moving coils to the driving shaft ; rigidity, because it is 
necessary that the rapidly moving coils should pass very 
close to the magnet faces, and strength to resist the horse- 
power pull and the centrifugal force. 

The problem before us then is to support the moving 
coils or magnets in such a way that there shall be ample 
strength, and yet that currents should not be induced in the 
supports of the armature coils. 
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As far as these conditions are concerned, there is a great 
advantage in making tlie magnets move and keeping the 
coils fixed, as metal may be freely used to carry the moving 
magnetS) while the armature coils, being only strained by 
the horse-power pull, and not by centrifugal force, need not 
be nearly so strongly . supported as iE subjected to the 
latter, and the supports, if of metal, can be slit to check the 
circulation of currents. This plan also enables the snpporte 
and cores to be made hollow and to have water run through 
them, thus increasing the output that the machine can be 
made to give without undue heating. 

It must be remembered that the horse-power pull and the 
centrifugal force do not add together, as they act at right 
angles to each other, the former acting along a tangent to 
the revolving- wheel, and the latter along its radius. 

Calcdlation op CEtrrniPDOAi. Fokcb. 
The centrifugal force F in pounds exercised by any body 

attached to the rim of a revolving- wheel, is given by the 

formula 

P = -00031 WRN= (52) 

where W is the weight in pounds,* R the radius in feet, and 

N the number of revolutions per minute- 
Example. 
What is the centrifugal force exercised by a magnet 

weighing 180 lbs., attached to the rim of a wheel 2 feet in 

diameter, revolving at the rate of 750 revolutions per 

minute ? 

We have from (52) — 

P = ■OOOJl X 180 X 1 X 750= = 34,400 Iba. = 15-3 tons. 
The total strain tending to pull a wheel into two halves is 

the total centrifugal force, taking into account all the weight 

of the rim, and of any weights attached to it, divideil by ir 

the ratio of the circumference of a circle to its diameter ; t o'" 

we may write it — 
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In calculating the strength of the wheel, we may allow 
double the section of the rim at any point, as it is held at 
two points, one at each end of a diameter. 

Example. 

What is the force tending to split a fly-wheel into two 
halves when the diameter is 6 feet, weight of rim one ton, 
and speed 100 revolutions per minute ? 

We have 

^_ -00034x3 X 2240 x IOO2 ^^^ „ «, , 

7= o.-ij^i^ = 7300108. = 3iton8. 

A rim of this weight and diameter would have a cross 
section of about 38 square inches, but the cross section 
available for resisting the strain would be double this, or 
76 square inches. 

Horse-Power Pull, 

When we know the horse-power, the speed, and the 
diameter of the wheel, we can calculate the tangential 
strain as follows : — 

Let us suppose that, instead of carrying coils round and 
generating electricity, a wheel, of the diameter which the 
wheel of the dynamo has at the centre of the coils, is ex- 
pending the same horse-power, by winding a string round 
its rim and raising a weight, then this weight will be equal 
to the tangential strain. 

Let V be the velocity of the rim in feet per minute, then 

V = irDN (54) 

where D is the diameter in feet, and N the number of 
revolutions per minute. 

We know that a horse-power equals 33,000 foot-pounds 
per minute, and the number of pounds which one horse- 
power will raise in a minute is therefore 33,000 divided by 
the height in feet to which the weight is raised. 

The weight W in pounds which a horse-power can raise 
at a speed V (where V would be the rate at which the 
string would be wound round the wheel) is then 

W = ?^ ^ggj 
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or substitating the value of Y from (54), we get 

^-^ <««) 

and the weight which any number H.P. of horse-power 
could raise under the same circumstances would be 

^ H.P. X 33,000 H.P. X 33,000, ,-^, 

^ = V ^^— ' ' ^^^^ 

and this weight is the total tangential strain at the rim of 
the wheel. 

Having got the total tangential strain, then dividing the 
result by the number of coils in the rim, gives us the 
strain on each coil. 

Example. 

In a dynamo having 128 armature coils, a wheel 8 feet in 
diameter is revolving 180 times a minute, and absorbing 
500 H.P., what is the tangential strain in each armature 
coil? 

The total tangential strain is from (57) — 

^_ 600x33,000 _qftj.AiK« 
^=314x'8~>rr80 = ^^^^^*^^- 

and the strain on each coil is 

^3 = 28-4 lb,. 

Factor of Safety. 

The factor of safety in any work is the ratio of the 
calculated breaking strain to the actual strain which the 
work is subjected to. For instance, if a rod which would 
break with a weight of 15 tons, supported a weight of 3 tons, 

IK 

its factor of safety under that load would be -^ = 5. 

In dynamo work the strains are so sudden and the 
strengths are so altered by unequal heating, that the factor 
of safety should be very large; never less than 15 in the 
moving parts, and 10 in the parts which are at rest. Indeed 
in my own practice I never use less than 20 in the moving 
parts. 
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Strength of Materials. 

The strengtjis of various materials per square inch section 
are given in the appendix to this book. 

Use op the Factor of Safety in Designing. 

We wish to know how many square iAches of metal are 
required for safety under given conditions of strain. 

Let F be the straining force (centrifugal or otherwise) in 
tons, ^ the factor of safety, and B the breaking strain of 
the material in tons per square inch, then A the required 
area or section will he 

A = -— - ........ (68) 

Example. 

Let us suppose we have a wrought-iron disc, 3 inches 
thick and 2 feet diameter at magnet centres, and that we are 
fixing magnets round its rim by passing their cores through 
holes drilled in the 2 foot circle. Speed to be 750 revolu- 
tions per minute. Weight of each magnet, 180 lbs. What 
should be the radius of metal outside the holes to give a 
factor of safety of 20 ? 

By the example given on page 150, with the same data, 
the centrifugal force will be F = 15*3 tons, we have ^ = 20, 
and we may take B at 25 tons per square inch. 

Thus, by (58) the area must be 

. 16-3 X 20 ,^Q . , 

A = ^ = 12*3 square inches. 

But, in order for the magnet to tear out, it must shear 
two faces, for it must cut out a piece from the rim as wide as 
itself. Hence the area of each face will be 6* 15 square inches. 
The thickness being 3 inches, this would give the necessary 
metal outside the magnet-hole at, say 2 J inches, measured 
along the radius. 

Speed. 

The faster the dynamo runs the greater will be its output, 
and the output will be nearly proportional to the speed. It 
therefore appears at first sight that dynamos should be run 
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as fast as possible. It is usually noticed that when elec- 
tricians who are not skilled engineers commence to design 
dynamos they make them to run at immense speeds, and 
consequently fail to produce usefal machines. Most of the 
breakdowns which have caused the public to distrust electric 
light have been due to dynamos being run at too high a speed. 
When first I commenced to design dynamos, I fell into the 
common error of supposing that great speeds were advan- 
tageous, and in an article on " Electric Lighting," which I 
communicated to tlie Quarterly Review for October, 1881, I 
supported this view, and it was not until I had had one of 
my higli-speed machines fly to pieces, with the result of 
wrecking the portion of the factory in which it stood, and 
destroying the result of nine months' labour, tliat I modified 
my views. 

It must be remembered that the annual coat of a dynamo 
is not its first coat, but is the interest and depreciation on 
that first cost, and that the depreciation rate per cent, is 
mnch greater at high speeds than at low ones. By increasing 
the speed we diminish the first cost per lamp, but we may 
BO much increase the depreciation rate that the annual cost 
is greater than before, and in addition we have the liability 
to break down and put out the lights suddenly. 

For esample, if for 1000 lights we have two dynamos 
running at low speed, and costing £500 each, the total first 
cost will be £1000, and we may take the interest at 5 per 
cent, and depreciation 2|, which will make the total annual 
cost of the dynamos themselves 7^ per cent, on £1000, or 
£75 annually. 

Now let us suppose that we double our speed ; we shall 
be able to do with only one dynamo, and the total first cost 
will be only £500. We may take the interest as before at 
5 per cent, but the depreciation will not be less than 15 per 
cent., making the total annual cost of the dynamo itself 
20 per cent, on £500, or £100 annually. 

Further, it must be remembered that the dynamos do not 
represent more than about 20 per cent, of the whole cost o£ 
an electric light plant (i.e. boilers, engines, dynamos, mains, 
&c.), so that a saving of half the cost of the dynamos only 
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saves 10 per cent, on the whole cost. On the other hand, 
the dynamo is the very heart and lungs of the whole system, 
and any defect in it will render the whole system useless. 

For all these reasons I am of opinion that the speed of 
dynamo should be limited by mechanical considerations to 
one that will not rattle or shake it, or raise the depreciation 
above a very low annual rate. 

It must be remembered that dynamo machines in no way 
differ from other machines absorbing horse-power, and that 
when a large horse-power is being received by any machine, 
that machine must be of a certain size and strength to stand 
the strain caused by it. In order to remind himself that 
the driving of dynamos is subject to the same conditions as 
the driving of other machinery, the engineer would do well 
to consider what would happen if in the dynamo tliat he has 
designed the moving coils were removed, and a wheel 
retarded by a brake substituted, the brake being so loaded 
that if the wheel were running at the same speed as the 
wheel carrying the coils would have done, the same horse- 
power would be absorbed as would be absorbed in the 
dynamo. 

He will further do well to make his dynamo a good deal 
stronger than would appear to be necessary even under these 
conditions. 
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CHAPTER XII. 

SOME TTPICAL ALTKEKATING- CURRENT MACBtKES. 



Thk De Meeitens M AGS eto- Machine. 

The first machine which we shall describe is the magneto 

machine of M. de Meritens. The loachine consists of c 
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or more rings carrjiDg coils, revolving between the poles of 
pei-inanent steel magnets. 

Fig. 75 shows a oue-ring machine of this form. 

The coila consist of iron cores wound with wire of the 
form shown in fig. 76. They are mounted on a light brass 




ring, and are held to it by brass pins which pass through the 
lugs and through grooves in the ends of the cores, as shown 
in fig. 7fij so that the cores do not touch each other, but are 
magnetically insulated. When the machine ia at rest, there 
is a raagnet-pole of alternately opposite name over each 
junction, as seen in figs. 75 and 77. As the wheel revolves, the 




jtoiarities of the cores are constantly reversed, and currents 
iiro therefore induced in the wires. 
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A reference to figs- 75 and 77 shows ns that hy means ot the 
projecthig ends of tfae cores, the latter are brought very close 
t« the poles of the magnets, and so the latt«r can exercise 
their maximnm effect. 

Thk Cobes. 

The cores conaial of a great number of plates of very 
thin nheet iron, lightly welded together, so as to form a 
Holiil block the full eize of the coil. Iron is then cat away 
by Buitable machinery, so as to form the wire space. Thi; 
HoftortheiroE of an armature core is, and the more separate 
stripn it consists of, the more easily it rereraes polarity. 
I'iJicli Ntrip must be the full length of the core. 




The Connbotions. 

Tho wire is wound iti the aame direction round all tho 
coild, but ns the polarity of the cores is alternately in 
oiilionitodii'eotious, the dii-ections of the currents induced in 
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neighbouring . coils are in opposite directions, and conse- 
quently the connections have to be made as in fig. 79. 




Fig. 79. 

By means of a plug-board which revolves with the 
wheels, and which is seen in Plate XVII., the coils can be 
grouped in series, quantity, or any combination of the two, 
according as to whether currents of high or low E.M.F. 
are required. 

The currents are taken off by means of springs pressing 
on metal rings revolving with the shaft, but insulated from 
it, and connected to the different rings of coils respectively. 
The large machine will thus feed five separate circuits, or 
any two or more of the circuits can be connected into one. 

The De Meritens machine is excellent in working, and its 
construction is good both mechanically and electrically ; its 
first cost, however, is very heavy. It is much used for 
lighthouses, where first cost is unimportant, and where its 
extreme simplicitiy and non-liability to break down recom- 
mend it. 

The Siemens Alteenating Machine. 

The Siemens alternating machine, fig. 80, consists of two 
fixed iron rings carrying electro-magnets. These magnets 
are excited by a small auxiliary direct-current machine. 
The polarity of the magnets in each ring is alternately 
N. and S., and the polarity of each is opposite to that of 
the magnet opposite to it on the other ring. Each magnet 
has an extended flat pole-plate, as shown. 

Between the two rings of magnets revolves a wheel, 
partly of wood, partly of metal, carrying in its circum- 
ference a number of coils equal to the number of magnets 
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in each riug. As the wheel revolves, currents are induced 
in these coils in the manner explained in page 134. The 
currents are taken off bj- Siprings and insulated contact 
rings in the same manner as in the De Meritens machine. 



i 




The coils have no iron cores, and are wound in brass bohbina, 
whose flanges are perforated with holes to check the 
circulation of currents in them. 

The Feee.\nti Machisb. 
The Ferranti machine externally resembles the alter- 
nating SiemenSj that is, the two rings of fixed magnets are 
similar to thoae of the Siemens machine, but the revolving 
armature is different. Instead of a number of coils of wire 
fixed to the rim of a wheel, it consists of a continuous zigzag 
of copper ribbon arranged as in fig. 81, so thai the alternate 
radial portions are opposite poles of alternate polarity. 
Thus the RM.F.s in alternate portions point to and from 
the centre of the machine alternately, and therefore are at 



The Ferranti Machine. 1 6 1 

any instant all in the same direction in the ribbon. Half 
way between each pole the current reverses, and so an 
alternating current is produced at the contact rings, where 
it is taken off in the same manner as in the De Meritens 
and Siemens machines. 

No iron is used in the armature, and the latter being very 
thin, the opposed magnet-poles can be brought very close 
together, and so the field of force is very intense. 




Fig. 81. 

The machine is driven at an enormous speed, up even to 
2000 revolutions per minute, and consequently the quantity 
of electricity produced by a machine of a given size is very 
large. 

The design of the machine is, however, essentially an 
electrician's design as opposed to an engineer's design ; elec- 
trically the machine is admirable, mechanically I venture to 
think that it is impracticable. 

It is an essential point of the electrical design that no 
metal other than the copper ribbon should move through 
the magnetic field. This prevents the ribbon being sup- 
ported on a metal wheel, and thus all the centrifugal force 
and vibration consequent on the high speed, and all the 
tangential pull consequent on the concentration of a great 
deal of horse-power in a small space, have to be borne by a 
zigzag copper ribbon, covered with a more or less soft insu- 
lator, and tied on to a wooden hub. 

M 
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In discussing dynamo machines our critical faculties are 
apt to be blunted by a half-acknowledged belief that 
electrical forces, being diflFerent to forces which we have 
been accustomed to, are also unique in their relations with 
ordinary mechanical forces. This is not the case, and the 
right way to criticize the construction of a dynamo is to 
consider what would happen if it were run at its full speed 
without the magnets being excited, and a mechanical 
retarding force, such as a brake, applied to the moving 
coils, requiring the same horse-power to overcome it as 
the electrical energy which the machine is intended to 
generate. 

I do not pretend to say that very high-speed dynamos, 
even with wooden wheels, may not work, and work for a 
considerable time, without breaking down, but I consider 
that such machines cannot be trusted for large plants or for 
central station work. It is not sufficient to be able to say 
that a machine will probably be safe, but it is absolutely 
essential that a break-down should be impossible. 

To satisfy this condition I believe that slow speed is 
essential, and that wrought-iron, steel, or phosphor-bronze 
are the only materials which are admissible in the construc- 
tion of the wheel which carries the moving coils. 

The Gordon Machine. 

I have therefore constructed a machine in the design of 
which I have endeavoured to keep the above conditions in 
my mind. As to the correctness of these views I can only 
say that after fifteen months' experience of the machine, I 
have reason to be satisfied with its performance, and that 
my opinion is daily strengthened that it is only by the 
use of colossal machines that electric lighting on a serious 
scale can be carried out, though I would not for a moment 
deny that numbers of small machines work very nicely when 
doing small work. 

In these machines the magnets revolve and the coils are 
fixed. This alteration of the ordinary practice has been 
resolved on for three reasons. First, as the magnetic field 
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revolves with the moving wheel, instead of the latter passing 
through it, the wheel can be made of massive wrought-iron 
plates, thus giving great strength and freedom from vibra- 
tion. 

2nd. The armature coils being fixed, the current is taken 
oflf without rubbing contacts, which latter are always a 
source of trouble with powerful currents. 

3rd, The heaviest part of the machine revolves, and so 
acte as a very eflOicient flywheel, keeping the light steady, in 
spite of slight irregularities in the engine. Two sizes of 
the machine have as yet been constructed, the eight-foot 
machine, which it is calculated will, with sufficient steam- 
power, work 5000 lights of twenty candles each, and the 
two- foot machine, which works 800 to 1000 lights without 
any undue strain. The machines are made in the works of 
the Telegraph Construction and Maintenance Company, 
at Greenwich. 

The Bight-Foot Machine. (Plate XYIII.) 

This machine was the first constructed ; it consists of a 
wrought-iron wheel, carrying the magnets, which is eight 
feet diameter at the magnet centres (8 ft. 9 in. over all). 
The magnets, which are thirty-two in number, consist each 
of a cylindrical core of soft wrought-iron, which passes right 
through the wrought-iron disc, and projects equally on both 
aides of it. 

Brass bobbins, containing the magnet wire, are slid on to 
the projecting portions of the cores, and are kept in their 
places by the pole plates, which are afterwards attached. The 
revolving wheel is built up of sheets of boiler-plate rivetted 
together, and strengthened by two cones of boiler-plate, 
placed one on each side. The cones and disc are separated 
by cast-iron distance-pieces, as shown in section in fig. 82, 

This wheel revolves between two fixed iron rings carrying 
the armature coils. 

Each ring carries twice as many armature coils as there 
are magnets on the ring. The reason of this is the follow- 
ing : In an early model which was made of the machine the 

M 2 
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number of armature coils on each ring was made tlie same 
as the number of magnets. It was then found tliat the 
mutual induction of neighbouring coila very greatly dimi- 
nished the output, i.e. that if one coil was at work, and 
then the coila on each aide of it were set to work, that 
the output of the first coil was reduced by nearly fiftj 
per cent. 




The reason of this waa that thu currents in the neighbour- 
ing portions of adjacent coils were in the sarae directiOD, 
and hence diminished each other by their mutual induction, 
in the same way that the currents in different windings of 
the same coil diminish each other by self-induction. 
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The plan now adopted (of making the number of avma- 
tnre coils double the number of the magnets) obviates this 
defect, as at any inatant ■when the coils 1, 3, 5, &c., nnmber- 
ing ronnd the circle, are producing their maximum current, 
the coils 2, 4, 6, &c., are idle. Immediately afterwards the 
coils 2, 4, 6, &c., will be at work, and 1, 3, 5, &c., idle, and 
thus each two active coils are always sepRvated by an idle 
one which, partly by the space it occupies and partly by its 
shielding action, so reduces the mutual action of the coils on 
either aide of it, as to render it inappreciable. Their actions 
on the intermediate coil are equal and opposite, so produce 
no current or change of current in it. 

The fixed coils are secured to caat-iron frames, but the 
cores are prolonged, so that the frames are set back into a 
6e]d of weak magnetism, Fig. 83 shows some of the fixed 




coils. Their flanges are made of German silver to check 
the circulation of currents in them. 

The eight-foot machine runs at 140 to 180 revolutions 
per minute, and eo is connected direct to the steam-engine 
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wiiliout belting. The total weight is twenty-two tons^ and 
the total weight of the revolying magnet wheel seven tons. 
The only mbbing contact is that where the exciting current 
produced by two Burgin machines enters the revolving 
magnets. The method of regulation will be given in 
chapter XIV. 
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CHAPTER XIII. 

SOME TYPICAL DIEECT-CURRBNT MACHINES. 



I. The Gkamme Sub-Type. 

The Ceomfton-Bubgin Machine. 

Onb of the best machines of the Gramme sub-type, now in 
practical use, is that invented by Mr. Burgin, and improved 
upon by Mr. Crompton. Plate XIX. gives two views of one 
of these machines of the size which works eighty 20-candle 
incandescent lamps, or four large arc lamps. 

The revolving portion of the machine is shown at the 
bottom of Plate XX. It consists of four or more Gramme 
rings mounted on the same shaft, each consisting of a coil 
of iron wire of a hexagonal shape. The copper wire is 
wound on the flat portions of each hexagonal ring, leaving 
the comers bare, and more layers are wound at the centre 
than at the ends of each side. 

Thus a line drawn round the ring outside the copper wire 
is very nearly circular. In Plate XX. one side of one ring 
has been shown without anv wire on it for clearness. The 
rings are so fixed on the axis, that each gains a little on the 
next one, so that lines joining corresponding angles of the 
hexagons would form spirals. 

The collector, seen on the left of the lower figure in 
Plate XX., and also in the centre of the lower figure in 
Plate XIX., consists of a great number of strips of copper, 
insulated from each other and fixed on an insulating barrel. 
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Each metal strip is attached to the corresponding portions 
of the coils of copper wire on each of the four rings. The 
current is collected by means of the brushes seen in the 
lower figure in Plate XIX. 

The magoefca, which also form the framework of the 
machine, are shown in the upper figure of Plate XX. They 
are of cast-iron, and the upper and lower portions are cast 
separately. The two portions having been bolted together, 
the cylindrical pai-t in the centre, in which the armature to 
revolve ia turned or bored true. 

The arms of the magnets are wound with wire, as shown 
in Plate XIX,, and so connected that one of the circnlar 
segments is a N. pole, and the other ia a S. pole. 

The bearings in which the shaft runs are carried by frames 
of brass or other non-magnetic metal, screwed on to the 
ends of the pole-pieces. These bearings are made whole, 
and not in two halves as in moat machinery. 

In putting the machine together, the m^neta are first 
bolted together, then the brass at the collector end is screwed 
on. Next, the revolving armature is slid in from the other 
end, and the collector end of the shaft slid into its bearing. 

Then the second brass is slid over the pulley end of the 
shaft and bolted to the pole-pieces, and last of all the pulley 
ia put on and secured by a set-screw pressing on the flat- 
tened end of the shaft. 

Tlie collecting brushes are carried by a moveable ftnn, 
which can be turned round the bearing at the collector end 
of the machine, the outside of the brass being turned truo 
for the purpose. It can be clamped at any angle by a set- 
screw, seen just below the end of the shaft in the lower fignre 
of Plate XIX. 

The reason of having this adjustment is that the points 
where the E.M.P.s of the two halves of the ring meet 
(P N, fig. 71, page 140) are not the symmetrical points 
shown in that figure, but, by reason of the appreciable time 
taken to change the magnetism of the iron cores of the re- 
volviog rings, are displaced forward,* and the brushes have to 

* " Forward " means ia the direction in which' the armature ia 
revolving. 
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be moved forward to follow them. These points, which are 
the points of least sparking, have to be found experimentally, 
by moving the brushes while the machine is running. This 
can be done by means of the arm we have just described. 

The brushes consist of a number of strips of thin sheet- 
copper about two inches wide, which are held in a brass 
frame. They slowly wear away, but can be pushed forward 
by loosening the clamp screw at the back of the holder shown 
in the lower figure of Plate XIX., and when consumed can be 
renewed at small expense. 

The brushes are pressed upon the collector barrel by 
means of springs, and can be lifted off it when the machine 
is not in use by means of little levers. 

Thp rods carrying the brushes are insulated from the 
adjusting arm, and are connected to the terminals at the top 
of the machine by means of flexible wires. 

These machines are wound ^' series," " shunt,'^ or *^ com- 
pound/'* according to the work for which they are intended, 
^Dbey run at 1600 revolutions per minute. 

T3ie working of these machines is extremely satisfactory, 
ihe only repairs which they require are due to the fact that 
lilie sparking, which is incident to all direct-current machines , 
is apt to wear the collector barrel into grooves. I find it 
advisable, when these machines are in nightly use, to take 
oat the armature and place it in the lathe about every two or 
three months, and to take a very light cut over the collector 
barrel with a sharp-pointed tool. 

The Brush Machine. (Plate XXI.) 

This machine may be considered as a development of the 
Gramme sub- type, but differs from the Gramme machine in 
many important particulars. 

The revolving armature consists of a wrought-iron ring, 
figs. 84 and 85, round which the wire is wound in the hollow 
channels seen in fig. 84, so that it forms the coils seen in 
fig. 85. The iron between the coils comes up close to the 
magnet-poles, and so receives an intense magnetism. The 

* See Chap. XIV. 
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annular cbatmela are cut to prevent the circulation of 
currentE in the iron itselC 

The ring is mounted on spokes and on a hub of Giermau 
silver (not shown in the figs.), the high resistance of which 
prevent the induced E.M,F.s making serious currents in it. 

It revolves between magnets with extended pole-pieces, 
as shown in Plate XXI., the two opposed poles at the same 
side of the ring being of the same name. 

So far the machine is closely allied to the Gramme, but 
the method of collecting the currents is peculiar to itself. 

In the machine we are now discussing, the coils are eight 
in number, and each is connected in series to the one opposite 
to it, i.e. at the other end of a diameter of the ring. Thus 
the eight coils form four separate cii-cuits, each circuit having 
its own commutator. 

The four commutators are arranged in two pairs, the two 
of one pair commutating alternate coils with the two of the 
other pair. 




In the first machines designed, each commutator consisted 
of a pair of circular metal segments (A B, fig. S6) to which 
the two free ends {P N, fig. 86) of its coils were respectively 
attached. The brushes +6,— fe pressed on these rings. 
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As the armature ring revolves^ the current in the coils 
1^ la (fig. 87) reverses twice each revelation^ and at the 
moment of reversal the segment A (fig. 86), which was in 
contact with the positive brush ( + &)> left it^ and the seg- 
ment B arrived at it, and hence the alternating current 
generated in the coils was received as a direct current in the 
brushes +fe, — fe. 

Close to the segments A B (fig. 86) on the shaft attached to 
the coils 1,1a (fig. 87), were a similar pair of segments, which 




I 



B 



we will call A' B', attached to the coils f3, 3 a. The division 
line of these segments was at right angles to the division line 
of the first pair. 

The brushes +6,-6, are wide enough to rest on both 
pairs at once. When the machine is working, the current 
in each pair of coils commences as the coils leave the 
neutral point, rapidly reaches its maximum, and continues 
steady till the coils approach the neutral point at the other 
side, when it again rapidly falls to zero. Thus the wide 
brush connects the coils 1, la and 3, 3a *^in quantity,'^ and 
as the current in one is at a maximum while the other is 
a minimum, the total current has a nearly constant value. 

Here, however, a diflSculty occurred. When one pair, 
say 1, la, were in the maximum position, there was hardly 
any E.M.F. being induced in the other pair, 3, 3a, and as 
they were connected in quantity with the first pair, they 
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formed a Bhaiit to the lamps, and allowed a back currant to 

flow through them from the active coils connected with them. 

To get over this difficulty, Mr, Brush shortened the seg- 




mental pieces A B of the commutators, and introduced the 
insnlated piece (fig. 8fi"> 




This piece is commonly made of copper to ensure even 
wear of the whole commutator cylinder, but as it is insulated 
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to anytlimg, it may be considered as an 




of ii is, that as each pair of coils passes the 
^7 and the TI.lf.F, in it falls to zero^ that pair 
dL S2L& is r-L-^^^jaied and cat oat of circnit^ and the other pair, 
osakzititT with it, and which at that moment has its 



■fuaii.njTB HHLF., works alone. This entirely gets rid of 




pcraseH' similar pair of conmmtators is con- 
'S? tie ct'ils 2, 2a, 4, 4a. The two pairs of commu- 
akck wiiK their brushes, are seen at the right hand 
•3Bi vi: tkf «&iJ& in. Plate XXI. 

TSie Tw:> circuits thos filmed are nsnally connected in 
series, so as to fugm one of doable the KMJP. of each. 

The magnets are also connected in series with the cir- 
coits. Fig. 89 is a general diagram of the connections. 

These madiines &re Terr saccessfnl as high-tension 
machines for arc-li^htin£r. as machines of 2000 volts 
E3LF., maintaining 40 arcs in series, are in regalar work. 
For some reason, however, the inventor has not been snc- 
cessfhl in making low piessore machines on this principle 
for incandescent lighting. 

IL The SisMcirs Sub-Typk. 

The Siemexs MjtCHnrK. 

The revolving portion of the Siemens machine (fig. 90) 
consists of an iron cylinder, ronnd which wire is woond 
Umgitudinallyy i.e. so that the wire is parallel to the axis. 
The collector is similar to that of machines of the Gramme 
sub-type, and consists of a namber of strips of metal fixed 
on an insulating barrel. 

The wire forms a continuous coil or closed circuit, and 
wires are led sideways from it at intervals to the commu- 
tator strips. 

The magnets are made of bars of wrought-iron, straight 

at the ends and curved in the middle. The current in the 

inai^etizing coils has such directions, that the whole of the 

portion of the magnets at the top of the machine 
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ha3 one polarity, and that at the bottom of tbo niachiae the 
Opposite. The outer ends of the upper and lowor magnefcs, 
which are of opposite polarities, are connected by yoke-plates 
in the usual way. 

We uotico that the miichine shown in fig. 90 is 




lifted off the ground by logs. The i-eason of this is, 
that if it were to be allowed to go flat on tho ground, 
and were laid on an iron floor, the latter would make a 
magnetic conncctiou between the centre and ends of tha 



1 76 Electric Lighting. 

lower magnets^ and would greatly weaken the magnetism of 
the latter. 

These machines arc often made vertical^ i.e. to stand on one 
end. They then occupy less space^ and there is no danger 
of accidental magnetic communication being made between 
their poles. 

The Labge Edisox Machine. (Plate XXIL) 

The armature of this machine consists of a number of discs 
of thin iron plate^ separated by paper so as to form a barrel 
3 feet 6 inches long. A number of copper rods are laid on 
the circumference of this barrel^ parallel to its axis. The 
diameter of the barrel outside the bars is 28| inches. 

It is necessary to connect the bars^ so that they may form 
a continuous circuit analogous to the longitndinally-wonnd 
wire in the Siemens machine. This is accomplished by 
means of a number of copper discs, equal to the number of 
bars ; each disc has two lugs projecting from it. Half the 
discs are put at each end of the barrel, and ^re set so that 
the lugs form in each case a spiral line round its end of the 
barrel, the two spirals being in the same direction. The bars 
are then connected from lug to lug, so that the current goes 
along one bar across a disc, back along a bar at the opposite 
side of the barrel to the first, then across a disc at the oppo- 
site end of the barrel to the first disc, and then along the 
bar next to the first bar, and so on. 

The copper discs are connected respectively to the dif- 
ferent commutator bars. 

The whole barrel is bound round and round with steel 
wire to keep the bars from flying out under the action of the 
centrifugal force. 

The whole barrel revolves between the poles of a very 
large electro-magnet. 

These poles consist of immense blocks of cast-iron, 
which nearly meet, but are kept apart by the brass distance- 
piece seen in the front of Plate XXII. 

The lines of force leaving the magnets terminate in the 
central iron barrel. The construction of the barrel, i.e. its 
being built up of iron discs, insulated from each other, pre- 
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vents the circulation of currents in it. The armature is 
kept cool by means of a small smithes fan, the air from 
which is admitted by the pipes seen in the front of 
Plate XXII. 

The magnet bobbins are twelve in number, and are each 
eight feet long. They are shunt wound. 

The resistance of the armature is '00049 ohm, and that 
of the magnets 21 ohms. 

The machine will maintain 1000 to 1200 lamps of 16 
candle-power. Its total weight is about 25 tons. 

The Edison Company also make small machines which 
work well. 



N 
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CHAPTER XIV. 

BEGULATION OF MACHINES. 

If the number of lamps on a dynamo machine be altered, 
the electromotive force will alter, and the brightness of the 
lamps will also alter. Generally speaking, if the number of 
lamps be diminished, the E.M.F. will increase, and vice versa. 

This change of E.M.F. is not admissible in practical 
work, and has to be corrected by various methods. 

These methods diflFer according to the nature and size of 
the dynamo. With large dynamos, for instance, we can 
afford to govern by hand, as the wages of the man employed 
are distributed over a very large number of lamps, and 
hence the additional cost per lamp per annum caused by 
his wages is trifling. 

With small dynamos, however, the man^s wages would be 
distributed over only a few lamps, and hence the increased 
cost per lamp per annum would be very great. 

For instance, to hand-govern a machine working fourteen 
hours daily will require two men, whose wages together would 
amount to, say, £1 20 per annum. 

Let us assume that the rest of the expense amounts to £1 
per lamp per annum, then with a 5000-light machine these 

wages would amount to — kaao — ~ ^^^* P®^ lamp per 

annum, an insigniticant addition to £1 ; but if we have only 
a 250-light machine, these wages per lamp per annum will 
be 115d. = 9s. 7d. per lamp per annum, an increase of nearly 
50 per cent, on the £1 . 

Thus, while large machines may be hand-governed, in 
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small machines it is necessary to put up with much un- 
steadiness in the light in order to use automatic methods 
of governing, none of which, as far as my present experience 
goes, are equal to hand-governing. 

The following is the method 1 adopt for governing my 
large dynamos. 

It will be remembered that the large machine is driven 
by one steam-engine, and the '^exciting" machine by a 
ampler separate one. 

A dark room (Plate XXIII.) is provided near the engines, 
and the steam-pipes pass through it. The large steam- 
pipe supplies steam to the big engine; the small one 
supplies it to the exciting engine. 

The large engine has an ordinary governor on it of the 
Porter type, and the large stop- valve is opened wide, so that 
the governor takes charge of the large engine. 

The small engine is then started slowly, and the lights 
begin to glow, and the speed is increased till they are at 
their right candle-power, as shown on the photometer* at 
the right of Plate XXIII. 

In case of a number of lamps being turned oflF, the bright- 
ness of the rest rises somewhat, and the man in charge 
slightly closes the valve of the small engine, reducing its 
speed until the light is right. To assist him in making a 
slight motion, a tangent screw is attached to the axis of the 
valve wheel. This screw can be instantly thrown out of 
gear on removing a wedge, if a large motion is suddenly 
required. 

With a large system, such as is worked by one of these 
dynamos, the maximum number of lamps which are controlled 
by any one switch form a very small percentage of the 
whole number at work, and consequently there is ample 
time to adjust the pressure and compensate a change of 
brightness step by step, so that it never reaches an amount 
which can be seen without a photometer. 

One dynamo has been successfully regulated by this 
method for fifteen months. 

* See Chapter XVIII. 
N 2 
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On the right of Plate XXIII. is seen a steam gauge for 
showing the boiler pressure, and on the left is a strophometer 
for showing the speed of the large engine^ and an ammeter 
for showing the strength of the exciting current. The 
ammeter is ordinarily short-circuited by a spring key seen 
below it. On pressing the button the short-circuit is broken^ 
and the whole current flows through the ammeter. 

Automatic Electric Gtovbrnors. 

Various attempts have been^ and are being made to do 
automatically what is here done by a man^ i.e. to vary the 
speedy either of the exciting engine when two engines are 
used, or of the main engines when the dynamo is self-excited^ 
by means of some kind of voltmeter actuating the throttle- 
valve, so that just as an ordinary governor keeps the speed 
constant, so the electric governor would vary the speed so 
as to keep the E.M.F. constant. 

The Willans Governor. 

The only one of the various governors now being made 
which I am yet able to describe is the Willans governor, 
and even this is so lately completed, that I can give no 
results of its practical working, or say whether it or any 
other form are likely to be a practical success. 

The following description of the apparatus is taken from 
Engineering of February 15, 1884: — 

"The difficulty, hitherto, has been to get a power 
sufficiently large to be independent of the friction of the 
throttle valve, and still more, of that of the expansion valve, 
should it be desired to govern by varying the expansion 
instead of by throttling. Mr .Willans, instead of actuating 
the throttle valve or expansion valve directly by the electro- 
magnet or solenoid, employs the latter to actuate a small 
supplementary valve, which is almost frictionless, and this 
in its turn controls the supply or discharge of water, steam, 
or other fluid pressure to a cylinder in which a piston works, 
which actuates the throttle valve or expansion gear of the 
engine. In this way, although absorbing a power less than 
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half that reqaired for one 20'caiidle Swau lamp, the solenoid 
19 able to control the most powerful expansion gear. 

" The Willana electric governor 
is shown in fig. 91, where S is a 
solenoid taking the place, in . in- 
candescence hghting, of one of 
the lamps. In other words, the 
solenoid is on a branch between 
tbe moia wires. The core C of 
the solenoid is suspended by a 
spring, and this spring is attached 
at the top to an adjusting screw 
used for regulating the light. 
The other end of the core is con- 
nected with a small piston valve 
working inside the main piston 
W, which latter piston controls 
the throttle valve in the casing T. 
Water or other fluid pressure is 
admitted h; the pipe P into an 
annular chamber surroonding the 
water piston W, and also by 
means of a suitable passage X, 
into an annular space between 
the two small pistons which form 
the piston valve. The water, 
after actuating the piston W, 
escapes throogh the pipe E, and 
by means of a small piece of 
flexible pipe not shown. The 
action is as follows : — 

" When the electromotive force 
is constant, the pull of the spring 
bahinces the pull of the solenoid 
coils on the core C, bat if the 
electromotive force rises, on ac- 
count either of an increase i 
steam pressure or because lights FiR.Bi. 

are tamed out, the core C is drawn farther into the coils of 
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the solenoid, and moves downwards, carrying with it the 
piston valve. The latter uncovers the port A, and admits 
water pressure from the annular apace between its pistons to 
the npper side of the water piston W, which then travels 
downwards, following the piston valve. So soon as the 
electromotive force has, by the closing of the throttle valve 
and the consequent slowing of the engine and dynamo, 
become sufficiently reduced, the core C comes to rest, and 
W consequently overtakes the piston valve, and closing the 
port A, comes also to rest. When the electromotive force 
falls helow the normal standard, the foregoing action is, of 
course, reversed. When lights are turned out or in one by 
one, or when the steam pressure rises or falls gradually, 
the action of the governor is, of course, exceedingly gradual, 
though it can be detected by measurement, but under any 
violent test, such as switching out a large proportion of the 
lights, it acta with great quickness. It will be noticed 
how the perfect action of such a governor is helped by the 
ingenious ' differential ' movement of the two pistons, ami 
by the locking action of the piston valve." 



Compound Winding. 

Another method of regulating, but which can only be 

appltedtodirect-current dynamos, is that known as cojiy>oi(n.(i 



The E.M.F. of a " aeries-wound " dynamo increases when 
more lamps are put on, i.e. when the external resistance is 
diminished, but the E.M.F. of ashunt-wound dynamo de- 
creases under the same circumstances. 

By winding the magnets partly with a thick wire connected 
ill series with the armature, and partly with a thiu one 
connected iu shunt, it is possible, within certain limits, to keep 
the B.M.F, nearly constant, in spite of considerable "changes 
in the number of lamps on the machine. 

The proportion between the shunt and series wire has tu 
be found experimentally for each type of machine, 

The first approximation is made by taking the curves 
representing the respective rise and fall of E.M.F. with 



Compound Winding. 183 

increased number of lamps for shunt and series-wound mag- 
nets. A straight line to represent constant B.M.P. being 
drawn between the two curves, the areas on each side of it 
represent respectively the weights of each kind of wire 
required. 

In spite of its apparent simplicity, I doubt if compound 
winding will be much used in the future, except for small 
machines, as it does not keep the E.M.F. quite constant, and 
the apparatus required for making the final regulation would 
equally well do it all. 

Conclusion. 

The true secret of successful regulation is to have very 
large dynamos , because then, as we have said before, the 
maximum number of lamps that can be turned out at one 
time is a very small percentage of the whole, and when there 
are a great number of lamps on one machine, the cost per 
lamp of regulating, either by hand or by an elaborate 
mechanical contrivance, is very trifling. 
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CHAPTER XV. 

OS THB PE0PO8EI1 DISTEIBOTIOK OF ELKCTRICITY BV SECOMDAHT 
flENEBATORS. 

We liavi3 already stated (page 67) tliat the quantity of 
coppei- required to convey a cei-tain qnantifcy of electrical 
energy to a given distance with only a certain percentage 
I088 depends, not on the energy but only ou one factor of 
it, namely, the current, and, therefore, if with oar givea 
quantity of energy we can increase the electromotive force 
and diminish the current, we can use less copper. 

If, for instance, a certain weight of copper is reqaired to 
convey one electrical H.P. a certain distance with a lo3S of 
five per cent, at 100 volts pressure, then, if the pressure is 
raised to 1000 volts, only one-tenth of copper will be required 
for the same quantity of electrical energy. 

Pressures much exceeding 100 volts cannot, however, be 
used for incandescent lamps {as at present constructed) which 
are required to be turned out singly, as higher pressures 
involve putting two or more lamps in series. 

Further, the Board of Trade have very rightly forbidden 
the iise in indoor wires iiccessible to the public of electricity 
at pressures exceeding from 150 to 200 volts, on account of 
the danger due to shocks which might be received from it. 

Various attempts have been made to convey electricity at 
high pressures from the generators to the place where it is 
to be used, and there to convert it into low-pressure electricity 
before it goes to the lamps or other fittings inside the houses . 

ThB GkniI.AKD AND GlBBS SvSl'BM. 

The most promising system for this purpose, when looked 
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at auperficittUy, is that lately invented by Messrs Goulard and 
Gibba, which may be briefly described as a system of inverted 
induction coils : — 

The ordinary induction coil* consists of a coil of thick wire 
with an iron corej surrounded by another coil of fine wire. 

A battery current of low pressure is seut through the 
thick wire, and is rendered intermittent by a " contact- 
breaker." At each intermittence an electromotive force is 
induced in each of the convolutions of the fine wire. As 
this wire has a great many turns and a high resistance, the 
" secondary current " generated will have small quantity but 
very high E.M.F. With the largest induction coils yet 
constrncted, pressures of a million volts and over have been 
obtained. 

In Nov., 1879, the late Mr. William Spottiswoode pointed 
outt that if the primary coil is excited by the current 
of an alternating machine instead of by a battery, no contact- 
breaker is required, and that greatly increased results are 
obtained. 

The Groulard and Gribbs apparatus consists essentially of 
an induction coil, of which the •prvmavy coil consists of a 
long thin wire, and the secondarij of a short thick one. An 
alternating current of small quantity but of high pressure is 
sent into the primary, and indnces in the secondary a current 
of more quantity and less pressure, which can be nsed in the 
lamps. Messrs. Gi:inlard and Gibbs' scheme is to place such 
an induction coil in each house, or group of houses, and to 
convey the electricity from the generator to the induction 
coil in the form of a high-pressure current, which can be 
carried by a fine wiro, and so to aavo copper. 

It is obvious that there must be some loss in this as in 
any system of transformation. In particular, the whole of 
the energy required to send the primary and secondary 
rents through the true copper resistances of the primary and 

• See my " Electricity," 2nd ed., vol. ii., page 107. 
t See Phil. Mag., 1872, page 360, or my " Electricity," 2nd ed., vol. ii. 
page 121. 
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secondary coils respectively is wasted in heating these coils. 
The efficiency E of each induction coil is the ratio of the 
electrical energy generated in the secondary to that ex- 
pended in the primary, and the percentage efficiency 
is: — 



Ep = lOO 



E,Ci 



where C,, C, are the respective currents in the primary and 
secondary coils, and E|, E^ the respective E.M.F.S at their 
terminals. 

Messrs Goulard and Gibbs have not yet published any 
figures as to the efficiency of their coils. Pending their 
doing so, we can, however, investigate what is the minimum 
value it must have, in order that the adoption of the system 
may reduce the first cost of an electric light plant. 

The changes in the different items of first cost will be as 
follows : — 

The total weight of copper will be reduced in the ratio 

^»' 

This will reduce the diameter of the wires in the ratio 

The thickness of the insulator must be increased in the 

E 

ratio — * ; but, as the wire is smaller, the weight of insulating 

material will be increased in a less ratio than this. 

The total cost of the rest of the plant, i.e. engines, boilers, 

dynamos, &c., will be increased ia the ratio -rr-- 

The cost will also be increased by the cost of the induction 
coils themselves. 

Let us investigate a fairly typical case. We will suppose 
we have an ordinary plant costing £20,000 arranged to supply 

* For suppose we lose 30 per cent, in the indaction coil, or that Ep := 70, 

then a plant which can produce 1000 lights direct can now only produce 

1000 
700, and to make it do 1000 it must he increased in the ratio ~^aa * 
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electricity at 100 volts pressure ; let us consider what the 
minimum efBcency E, of the induction coils must be, in order 
that we may provide plant for the same number of lights for 
the same money on the Groulard and Gibbs system with the 
primary E.M.P. raised to 1000 volts. 

In the ordinary lOO-volt system, the £20,000 may be 
approximately apportioned as follows in a moderately 
scattered district : — 

Copper ....... £5,000 

Insulator . . . . . ^ . 2,000 

Rest of plant (engines, boilers, dynamos, 

&c.) 13,000 

Total . . £20,000 

On increasing the E.M.P. to 1000 volts, we alter the cost 

as follows : — 

Copper ....... £500 

Insulator, say ...... 4,000 

Induction coils, say ..... 1,000 

Leaves for rest of plant .... 14,500 

Total . . £20,000 

In order that the plant which we can now afford may be 
able to supply the required quantity of electricity, the 
efficiency of the induction coils must not be less than — 

Ep = 100- Jl^ = 89 per cent. 
14,600 

I fear that it is not likely that the efficiency will be any- 
thing like so high as this. It must further be remembered 

that the bill for coals will be increased in the ratio -- . 

•^ Ep 

It would be necessary further, not merely that the plant 

should cost the same money, but that there should be a very 

great economy, in order to compensate for the extra risk run 

by the men in the engine-room, and men employed in street 

repairs, who might accidentally cut or break the primary 

wire, and who if they did so would probably receive a fatal 

shock. 

On the other hand, in very scattered districts (as, for 
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instance^ the stations on the Metropolitan Railway which 
are now being h'ghted on this system as an experiment)^ 
the proportion of the cost of the copper to that of the rest 
of the plant in a 100- volt system might be much greater 
than in the typical case which we have suggested, and in 
such a case the system might be useful. Each case where it 
is proposed to apply the system should, however, be inves- 
tigated by the method given above and discussed on its own 
merits. 
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CHAPTER XVI. 



THE ^^ STORAGE^' OP BLECTEICITY — SECOND AEY BATTBEIBS. 



The advantages obtained by the storage of gas in gaso- 
meters have suggested to many inventors the hope of 
storing electricity, or rather electric energy, in a similar 
manner. 

The only way in which electric energy could be stored 
directly would be to insulate two conductors and to charge 
them positively and negatively respectively. On connecting 
them by a wire, a current would flow from one to the other 
through the wire until the pressures were equal. This wire 
might be interrupted by a lamp through which the current 
could flow. 

The method is of course impracticable owing to the 
enormous size which the conductors would have to be in 
order to hold a charge large enough to produce an appre- 
ciable current even for a short time. 

The two conductors may be arranged to form the plates 
of an ordinary condenser or Leyden jar,* in which case they 
will hold rather more energy than before, but still not 
enough to be of any practical use. 

Seeing then that the direct storage of electric energy is 
impracticable, attention was called to the storage of other 
kinds of potential energy in a form which could be converted 
into electric energy when wantod. This potential energy 
may be generated in various forms, and the energy expended 
to produce it may be either electric energy or energy of 
some other kind. 

* See my " Electricity," 2nd ed., vol. i., page 61. 
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For instance^ the potential energy which we are storing 
ready to draw ont in the form of electric energy may be 
the chemical energy latent in the zinc and acid of an ordi- 
nary voltaic battery, or it may be the mechanical and 
chemical energy respectively of the steam ready under 
pressure in our boiler, and . of the coals lying ready to be 
shovelled into the furnace. 

If it is desired to produce the potential energy, which is 
to be stored, by expending electric energy, then we may use 
a current to work a motor which is employed in compressing 
air or raising water to a height, so that the air or water 
could afterwards work a dynamo, or the current might be 
employed in producing chemical charges in a seconda/nf 
battery. 

Secondary Batteries. 

M. Plante has found that if two sheets of lead properly- 
prepared f be placed in diluted sulphuric acid, and con- 
nected respectively to the poles of a dynamo, that a chemical 
change takes place in them, which enables them to act as a 
voltaic battery until they have given off a quantity of 
electric energy forming a considerable percentage of that 
expended by the dynamo in ^' charging '' them. 

The process of preparing the lead being a tedious. one, 
M. Faure invented a battery consisting of ordinary plates of 
lead coated with ^^nimium," or red oxide of lead; and in 
1880, great excitement was caused in England by an 
announcement which appeared in the Times that ''a 
million foot-pounds of electrical energy had been brought 
from Paris to London in a small portmanteau.'' 

A million of anything seems to be a large quantity, but 
to get a true idea of the magnitude of a million foot-pounds 
of electrical energy, we may note that it equals '377 of a 
commercial unit, and at the maximum price authorized 
by the Board of Trade for the St. James's district is worth 
2"6d, say two-pence halfpenny. 

An immense number of modifications and improvements 
of the secondary battery have been patented since the above 

t See my ** Electricity,*' 2ad ed., vol. ii., page 10. 
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date^ but I have not as yet seen one which has worked with 
even reasonable success. 

Even when new and freshly charged the percentage 
return is not very large, not more than about 75 per cent, 
at most^ i.e. the energy given out is not more than 75 per 
cent, of that expended in " charging '^ the batteries. 

Secondly, the batteries will not hold a *^ charge^' for 
any length of time. I mean that, if charged and put 
away for a week, the return at the end of the week is 
much less than with a battery freshly charged. This loss 
is due to local chemical actions taking place inside the 
batteries. 

Thirdly, the batteries rapidly wear out, and after a few 
months' work require new lead plates. 

Fourthly, their first cost per unit of electrical energy which 
they can store (in the form of chemical energy) is very heavy. 

There is no doubt that the interest and depreciation on a 
set of secmidary batteries large enough to enable an electric 
light plant to work day and night, and so give out to the 
lamps no electricity in the day but a double quantity in the 
night, is vastly greater than the interest and depreciation on a 
complete duplicate set of engines, boilers, and dynamos. 

The more we consider the question of the storage of 
electrical energy, the more we shall be convinced that the 
best form of potential energy in which to keep it is in that 
of the potential energy of coals and compressed steam, and 
the proper place in which to store it is a spare boiler kept 
ready to actuate a spare engine and dynamo. 

The potential energy contained in a battery rapidly leaks 
out. Boilers do not leak at all. Engines are comparatively 
cheap, and last indefinitely ; batteries are dear, and wear out 
rapidly. The only storage apparatus which is worthy the 
name is a spare boiler full of steam, with a banked fire, and 
a spare engine and dynamo, kept warm, well oiled, and 
ready to start at a moment's notice. 

Storage op High-pressure Currents. 

There is one form in which the proposed use of secondary 
batteries will deserve consideration when a practical secon- 
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daiy battery shall have been constracted. It has been 
proposed that the engines and dynamos shall be placed 
outside the town to be lighted^ and that the batteries shall 
be kept in the centre of the town. It is then proposed that 
a high-pressure current shall be brought from the dynamos 
to the batteries by the use of fine wire, a great number of 
the batteries being arranged *' in series '' to receive the 
charge, and then altered to a " quantity '' arrangement to 
discharge to the lamps. 

The relative economic advantages of this, and of a direct 
supply, may be calculated by the method given in the last 
chapter as applied to the Goulard and Gibbs system. 
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CHAPTER XVII. 

EXPERIMENTAL MEASUREMENTS OF HORSE-POWER. 

The horse-power being developed at any moment by each 
cylinder of an engine is given by the formula — 






where — 



S = Length of stroke in feet. 
B = Number of revolutions per minute. 
A = Area of piston in square inches. 

P = Mean pressure on the piston during the whole stroke in 
pounds per square inch. 

It will be noted on examining this formula that 2SB is 
the speed in feet per minute at which the piston moves ; and 
AP is the mean total weight in pounds pressing on the piston. 

2SRAP is therefore the number of foot-pounds per 
minute which is being expended. 

One H.P. is equal to 33,000 foot-pounds per minute, and 
hence the number of H.P. is equal to the number of foot- 
pounds per minute divided by 33,000, which gives the 
formula (60) above. 

For any given engine the quantities S and A are con- 
stant, B is kept constant by the governor, and P constantly 
varies, for as the load is changed, as for instance, by the 
turning on or shutting off of lamps, the throttle valve (or 
expansion valve, as the case may be) is more or less opened 
or shut by the action of the governor. When the valve is 
more nearly closed, P of course diminishes. 

All indicatoi's are instruments for measuring P (the 
mean pressure in the cylinder) at any instant. 

o 
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BlCHAKSS' IliDICATOK- 

(Fig- 91) is an mstmsieDt o£ this do- 




suriptioD. It COD sis ts of a small steam cjlinder with a pistou 
in it. The cylinder is connected by a pipe to the cylinder 
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of the engine, ami is dnven up by the steam againab a 
spring which tends to force it down. The height at which 
the small piston stands at any instant, indicates the pres- 
sure in the engine-cylinder at that instant. This preaaore 
varies from zero at one part of the stroke to its maximum 
value at another part. In order to obtain its mean value 
during the whole stroke, a pencil is attached to the rod of 
the indicator-piston, which, as the piston moves, would 
draw a vertical tine on a stationary piece of paper. 
The maximum height of this line would represent the maxi- 
mum steam pressure during the stroke. The paper is, 
however, not stationary, but is wound round a barrel which 
is connected by a string to the piston-rod of the engine so 
that it revolves backwards and forwards on its axis, making 
about three-quarters of a revolution for each stroke. If 
the indicator- piston is at rest, the pencil will trace on the 
paper a horizontal line round the barrel. When the indi- 
cator-piston and paper both move, a curved line will be 
traced by the pencil, whose vertical height above any point 
of the horizontal zero line gives the pressure in the cylinder 
at the portion of the stroke represented by that point. 

The total area of ihe space included between tlie curve and 
the hurizoidal line, divided by the length of the horizontal line, 
giiiee the mean pressure throuijhout the stroke, and this is the 
quantity P which we want to hnow. 

I do not propose to give any directions for the practical 
use of the indicator, as it is well understood by engineers, 
and whenever an engine is erected, there will always be 
some one in charge who will know how to indicate it. 

Boys' Enoine-power Mbtbe. 
Mr. Vernon Boys has devised an instrument for indicating 
the mean pressure in an engine-cylinder, which consists of a 
cylinder, piston, and spring, the communication with which 
from theengine-cylinderia made by along, fine pipe, through 
which the steam cannot move rapidly. Instead of oscillating 
up and down during the stroke, the friction of the steanj 
causes the piston to remain stationary in the position indi- 
cating the mean pressure. I have had no practical ex- 
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perience of this instrument, but it may probably be very 
useful &a a continuous indicator for the engines of a central 
station. It can also be made self-recording. 

Maximum Horsb-Powbe. 

The maximum value of P, the mean pressure which an 
engine working at a fairly economical expansion rate can have, 
may be taken as at about half the boiler pressure, and there- 
fore if we wish to find the maximum horse-power which we 
are likely to get out of a given engine, we may use the 
formula (60), and take P as half the boiler pressure. 

All the above calculations apply to simple engiues with 
one cylinder. When two cylinders are used, the horse- 
power will of course be doubled. The method of obtaining 
the H.P. of compound engines is more complex, and I shall 
not touch upon it. 

Horse-Power given off by a Shaft. 
With small experimental machines it is convenient some- 




times to measure the horee-powoi' which is being transmitted 



by a shaft or coupling. Fig. 92 representa an apparatus for 
tbat purpose devised by Professor Ayrton. The coupling 
between the driving and receiving shaft is not rigid, but is 
made by a spring. The receiving shaft therefore lags be- 
hind the other by an amount depending on the force applied 
to it. This lagging causes the white lever to move in 
towards the shaft, and the circle described by the bright bead 
at its end is diminished in diameter. The diameter of this 
circle gives the pounds of pull. The velocity of the shaft 
gives the feet per minnte, and the product of the two is the 
foot-pounds per minute, or 33,000 times the horse-power. 




Fig. 93 is another form of the same apparatus arranged for 
measuring the H.P. transmitted by a belt. 

Speed. 
Youhg's Speed Indicator. 
Fig. 94 represents an apparatus by whiiih tbe speed of 
any shaft, of which the end is accessible, can be at once 
noted without timing. On the little point being pressed 
into the hollow at the end of the shaft, the hand at once 
points to the number of revolutions per minute. 
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The apparatus consists of a miniatiire governor like an 
enpne-goveroor, bot controlled bj a spring instead of by a 
weight. As the balls Hjout they move a lever, which muves 
the hand. 




The poiut can be put on either of the two spindles shown, 
one being used for speeds nnder 500 revolutions per 
minnte, and indicating on the inner circle on the dial, and 
the other for speeds up to 2000 revolutions, and indicating 
on the outer circle. 
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PHOTOMETRY. 



It is very important to be able to measure accurately the 
candle-power of incandescent lamps. 

The simplest photometer known is one of the best in 
practice. 

It consists of a rod or wire placed about 1^ inches in 
front of a white screen. The two lights which are to be 
compared^ as for instance^ an incandescent lamp and a 
standard candle^ are placed at different distances from the 
screen, and the distance of one varied until the two shadows 
of the wire thrown on the screen are of equal tint. 

The relative intensities of the lights are then inversely as 
the squares of their distances from the screen. 

In practice, the electric lamp is placed at a fixed distance 
of say 100 inches from the screen, and the candle is shifted 
till the shadows are equal. Then if Dx, is the distance of the 
lamp from the screen, and Dc that of the candle, the candle- 
power K is — 



K 



=m '"> 



To save working out this equation for every experiment, the 
distances Dc of the candle corresponding to different candle- 
powers K are worked out by the following formula, — 

They are then marked on the board, and their corresponding 
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candle-powers marked on them. To take an observation^ 
the candle is then slid along till the shadows are eqnal^ and 
the candle-power read off from the position of the candle on 
the board. 

'' Standard candles '' can be obtained of Messrs. Sugg, at 
Charing Cross. 

This firm also make a very elaborate photometer, which 
they supply to gas-works, and which is suitable to large 
electric-light factories. It is unnecessary to occupy space 
by describing it here, as the details of it are only of interest 
to those who have to use it, and they will be understood from 
the directions sent with it. 
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CHAPTER XIX. 



CENTRAL STATION LIGHTING. 



I HAD intended to write a long chapter with the above head- 
ing, but, for various reasons, I am not yet prepared to do 
so. I have, however, left in the heading for the convenience 
of inserting such a chapter in a future edition of this book, 
should one ever be required. 
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CHAPTER XX. 



MSTEBS. 



These haye been a great nnmber of patents taken out for 
electric-meters, i.e. for instraments to continuously register 
the number of commercial units of electric energy used by 
each consumer. 

None of them, however, as yet work satisfactorily. There 
is no doubt that good meters will be forthcoming when 
wanted, i.e. when district lighting under this year's Pro- 
yisional Orders is commenced next year. At present there 
has been no demand for them, and inventors have been busy 
at other things. 

The three principal types of meter now in existence in a 
crude form are Edison's, Hopkinson's, and my own. 

Edison's consists of two plates of copper in an electrolytic 
cell, through which a small known fraction of the current 
passes. The total energy consumed is then measured by 
weighing the plates, and noting the respective loss and 
gain from month to month. 

Hopkinson's meter consists of a small electric motor, 
which revolves at varying speed according to the strength 
of current, and which records the total number of revolutions 
taken per month. 

My own meter consists of some kind of galvanometer, 
carrying an eccentric or ^' snail'' wheel, so arranged that 
the vertical radius gets less as the current gets stronger. 
At short intervals an arm, lifted by clockwork, drops from 
a fixed zero position to the edge of the snaiL The distance 
through which it moves is greater as the current is greater. 
The apparatus records the total length of all the journeys 
taken by the arm in a month or quarter, in its searches for 
the galvanometer-wheel. 
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CHAPTER XXI. 



FIRE RISKS. 



The risk of fire from electric light apparatus is very small, 
but fires may occur through the carelessness or ignorance 
of the engineers who erect the plant. In order to minimize 
this risk, the Society of Telegraph Engineers have drawn 
up the following regulations : — 



KULES AND REGULATIONS 

POE THE PREVENTION OP FIRE RISKS ARISING FROM ELECTRIC 

LIGHTING, 

Recommended by the Council of the Society of Telegraph Engineers 

and of Electricians, in accordance with the Report of the Committee 

appointed by them on May 11, 1882, to consider the subject. 

MEMBERS OF THE COMMITTEE. 



Professor W. G. Adams, F.R.S., Tlce- 

President, 
Sir Charles T. Bright 
T. Russell Crampton. 
R. E. Crompton. 
W. Crookes, F.R.S. 
Warren De la Rue, D.C.L., F.RS. 
Professor G. C. Foster, F.R.S., Past 

President. 
Edward Graves. 
J. E. H. Gordon. 
Dr. J. Uopkinson, F.RS. 



Professor D. E. Hughes, F.R.S., Vice- 
President, 

W. H. Preece, F.R.S., Past-Presi- 
dent. 

Alexander Siemens. 

C. £. Spagnoletti, Vice-President, 

James N. Shoolbred. 

Augustus Stroh. 

Sir William Thomson, F.R.S., Past 
President, 

Lieut-Colonel C. E. Webber, R.E., 
Past President. 



These rules and regulations are drawn up for the re- 
daction to a minimum^ in the case of electric lightings of 
those risks of fire which are inherent in every system of 
artificial illumination^ and also for the guidance and in- 
struction of those who have, or who contemplate havings 
electric lighting apparatus installed in their premises. 
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The difficulties that beset the electrical engineer are 
chiefly internal and invisible, and they can only be effectually 
guarded against by "testing," or probing with electric 
currents. They depend chiefly on leakage, unduo reaist- 
ance in the conductor, and bad joints, which lead to waate 
of energy and the dangerous production of heat. These 
defects can only be detected by measuring, by means of 
special apparatus, the currents that are either ordinarily 
or for the purpose of testing, passed through the circuit. 
Should wires become perceptibly warmed by the ordinary 
current, it is an indication that they are too small for the 
work they have to do, and that they should be replaced by 
larger wires. Bare or exposed conductors should always 
be within visual inspection, and as far ont of reach as 
possible, since the accidental falling on to, or the thoughtless 
placing of other conducting bodies upon such conductors 
would lead to "short circuiting," and the consequent 
sudden generation of heat due to an increased current 
in conductors not adapted to carry it with safety. 

The necessity cannot be too strongly urged for guarding 
against the presence of moisture and the use of " earth" as 
part of the circuit. Moisture leads to loss of current and 
to the destruction of the conductor by electrolytic corrosion, 
and the injudicious nae of " earth " as a part of the circuit 
tends to magnify ^'^Gvy other source of difficulty and 



The chief dangers of every new application of electricity 
arise from ignorance and inexperience on the part of those 
who supply and fit up the requisite plant, 

The greatest element of safety is therefore the employ- 
ment of skilled and experienced electricians to supervise 
the work. 

I. The Dynamo Machine. 

1, The dynamo machine should be fixed in a dry place. 

2, It should not be exposed to dust or flyings. 

3, It should be kept perfectly clean and its bearings well 
oiled. 

4, The insulation of its coils and conductors should be 
practically perfect. 



i Risks. 
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6. All conductora in the dynamo-room should be firmly 
aupportedj well msulated, conveniently arranged for in- 
spection, and marked or numbered. 

II. The W1KE8. 

6. Every switch or commutator used for turning the 

current on or off shoald be constructed so that when it is 

moved and left it cannot permit of a permanent arc or of 



7. Every part of the circuit should bo so determined, 
that the gauge of wire to be used is properly proportioned 
to the currents it will have to carry, and all junctions with 
a smaller conductor should be fitted with a suitable safety 
fuse or protector, so that no portion of the conductor should 
ever be allowed to attain a tempei-ature exceeding 150° P. 

8. Under ordinary circumstances complete metallic cir- 
cuits should be used ; the employment of gas or water 
pipes as conductors for the purpose of completing the 
circuit, should not in any case be allowed. 

9. Bare wires passing over the tops of houses should 
never be less than seven feet clear of any part of the roof, 
and all wires crossing thoroughfares should invariably be 
high enough to allow fire escapes to pass under them. 

10. It is most essential that joints should be electrically 
and mechanically perfect and united by solder. 

11. The position of wires when underground should be 
clearly indiciited, and they should be laid down ao aa to be 
easily inspected and repaired. 

12. All wires used for indoor purposes should be e65ciently 
insulated, either by being covered throughout with some 
insulating medium, or, if bare, by resting on insulated 
supports, 

13. When these wires pass through roofs, floors, walls, 
or partitions, or where they cross or are liable to touch 
metallic masses, like iron girders or pipes, they should be 
thoroughly protected by suitable additional covering ; and 
where they are liable to abrasion from any cause, or to the 
depredations of rats or mice, they should be efficiently 
encased in some hard material. 
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14. Where indoor wires are pat oat of sight, as beneath 
flooring, they shonld be thoroaghly protected from mechani- 
cal injary, and their position should be indicated. 

N.B. — The value of frequently testing the apparatus and 
circuits cannot be too strongly urged. The escape of 
electricity cannot be detected by the sense of smell, as can 
gas, but it can be detected by apparatus far more certain 
and delicate. Leakage not only means waste, but in the 
presence of moisture it means destruction of the conductor 
and its insulating coveriug, by electrolytic action. 

III. Lamps. 

15. Arc lamps should always be guarded by proper 
lanterns to prevent danger from falling incandescent pieces 
of carbon, and from ascending sparks. Their globes should 
be protected with wire netting. 

16. The lanterns, and all parts which are to be handled, 
should be insulated from the circuit. 



The " safety-fuse '' spoken of in § 7 consists of a short 
length of wire of lead or other fusible metal inserted in the 
circuit, the diameter being such that, if the current increases 
say 50 per cent, above its proper value, the fusible wire will 
melt and break the circuit. 
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Appendix. 



STRENGTH AND WEIGHT OP METALS. 





Specific 
Gravity. 


Weight of 
a cubic 
foot. 


Weight of 
a cubic 
inch. 


Tensile 
Strength 
per sq. io. 




Transverse 
Strength. ; 






lbs. 


lbs. 


tons. 


tons. 


tons. 


Alnmininm, sheet 


2^67 


166-6 


-096 


— 






,» i, cast 


2-56 


159-8 


-092 


— 






Antimony, cast 


6-72 


419-5 


•242 


-47 






Bismuth, cast 


9-822 


6131 


•353 


1-45 


— 




Copper bolts . . 


8-85 


552-4 


-318 


17 


— 




,, cast . . 


8-607 


537-3 


•31 


8-4 






„ sheet . . 


8-78 


5481 


•316 


13-4 


— 




„ wire .. 


8-9 


555 


•32 


26 


— 


— 


Gold 


. 19-361 


1208-5 


-697 


9-1 




— 


Iron, cast, from 


.. 7 


437 


•252 


6 


36 


2 


» jj to .. 


7-6 


474^4 


-273 


13 


64 


34 


„ „ average 


. 7-23 


451 


•26 


7-3 


48 


2-6 


„ wrought, fro 


m 7-6 


474-4 


-273 


16 


16 


3 


,» » to 


7-8 


486-9 


-281 


29 


18 


5-5 


„ „ aven 


ige 7-78 


485-6 


-28 


22 


16-9 


3-8 


„ wire 


— 






40 


— 




Lead, cast 


. 1136 


708-5 


•408 


•8 


3-1 


— 


„ sheet . . 


. . 11-4 


711-6 


-41 


1-5 


— 




Mercury 


. . 13-596 


848-75 


•48945 




— 




Platinum 


. . 21-531 


1343-9 


•775 




— 


— 


„ sheet 


. 23 


14356 


-828 






— 


Silver 


. . 10-474 


653-8 


-377 


18-2 




— 


Steel 


8 


499 


•288 


52 


150 




„ plates 


, . — 




— 


35 


90 




Tin, cast 


7-291 


4551 


•262 


2-0 


67 




Zinc, cast 


.. 7 


437 


-252 


3-3 




— 
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INDEX. 



A. 

Air-pump, Lane-Fox's, 82. 

' Steam's, 65. 

Alternate-cnrrent maclime, phases of, 134. 

— — currents, measurement of, 60. 

Ammeter, Ayrton's, 44. 

Amp^, the, defined, 10. 

Ampere's theory of magnetism, 7. 

Arc lamps, 84. 

■ principle of, 9. 

Areas of circles, 217. 
Armature coils, 148. 
Artificial lighting, principles of, 1. 
Ayrton and Perry's ammeter, 44. 

' — —- electric-power-meter, 58. 

— ~^^-^ ohmmeter, 56. 

• voltmeter, 50. 

Ayrton's mechanical horse-power indicator, 196. 

B. 

Batteet, conventional sign for, 25. 
Board of Trade unit, 20. 
Boys' engine-power meter, 195. 
Brush's dynamo-machine, 169. 

lamp, 94. 

Burgin dynamo, the, 167. 

c. 

Cabbons for arc lamps, 100. 
Cardew's voltmeter, 52. 
Central station lighting, 201. 
Centrifugal force, 150. 
Circles, areas of, 217. 
Coefficient of self-induction, 125. 

_— mutual induction, 121. 

Commercial unit, 20. 
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Compound wiDding, 182. 

- wound dynamos, 142. 
Conductors defined, 5. 
Continuity of physical change, 111. 
Copper, current, and E.M.F., 67. 

wires, weights and resistances of, 208. 

Core, iron, 116. 
Coulomb, the, defined, 12. 
Crompton-Burgin dynamo, the, 167. 
Crompton's lamp, 87. 
Current, measurement of, 36. 

unit of, 10. 

Currents, electric, conversion of, into heat, 4. 



D. 

De Meritens magneto machine, 156. 
Direct-current machines, general types of, 137, 167. 
Divided circuits, 22. 
Dynamo machines, the designing of, 145. 

machine, the Brush, 169. 

the Crompton-Burgin, 167. 

Edison's, 176. 

Ferranti's, 160. 

Gordon's, 162. 

Siemens' alternating. 169. 

Siemens' direct-current, 174. 

Dynamometer, Siemens' electro-, 35. 



E. 

Edison's dynamo-machine, 176. 

lamp, 73. 

Efficiency and durability of incandescent lamps, 74. 
Electric currents, conversion of, into heat, 4. 

generators, theory of, 113. 

principles of, 130. 

Electro-magnetic induction, 111. 

magnets, construction of, 117. 

■ motive force, measurement of, 49. 

unit of, 10. 

Energy, rate of expenditure of, 13. 



p. 

Factor of safety, 152. 
Ferranti's dynamo-machine, 160. 
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• 

Foot-pound defined, 13. 
FormulsB about electric noits, 19. 
Field, magnetic, 110. 

magnets, magnetization of, 141. 

Fire risks, 203. 

Friction of water produces heat, 4. 



a. 



Gaxvanometeks, principle of, 37. 
Galvanometer shunts, 39. 
tangent, 40. 



— Thomson's graded, 47. 

reflectmg, 38. 



Gas and electricity, units of, compared, 21. 
Grordon's dynamo-machine, 162. 
— ^— magnetic-field measurer, 117. 
Goulard and Gibbs' system, 184. 
Gramme machine, theory of, 138. 
sub-type of dynamo, 167. 



H. 

Horse-power defined, 13. 

electric, measurement of, 58. 

experimental measurements of mechanical, 193. 

maximum of an engine, 196, 

pull, 151. 

wasted in conductors, 26. 

I. 

Incandescent lamps, 61. 

principle of, 9. 

Incandescence of solids produces light, 3. 
Indicator, Boys', 195. 
— — ^ Richards', 194. 
Induction, coefficient of mutual, 121. 

self., 123. 

''- coefficient of, 125. 

~ electro-magnetic, 111. 

magnetic, 110. 

Insulators defined, 5. 
Iron core, 116. 

J. 

jABLOCDKorr candle, 99. 
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L. 

LikMPSy 906 Incandescent, Arc, &c. 

arc and incandescent, principles of, 9. 

Lane-Fox*8 air-pump, 82. 

fnmace, 79. 

lamp, 78. 

Lenz's law, 115. 

Lime-light, 2. 

Lines of magnetic force, 109. 

M. 

Magnets, 108. 
Magnetic induction, 110. 

field, 110. 

measurement of, 117. 

Magnet, motion of, past coil, 133. 

Magneto-machine, De Meritens, 156. 

Mathematical analysis, application of, to machine construction, 143. 

Maxim's lamp, 75. 

Measurement of magnetic field, 117. 

Metals, strength and weight of, 222. 

Meters, 202. 

Miner's lamp. Swan's, 72 . 

Motion of magnet past coil, 133 . 

Multiple arc, 22. 

Mutual induction, coefficient of, 121. 

o. 

Ohm's law, 12. 

Ohm, the, defined, 11 . 

Ohmmeter, Ayrton and Perry's, 56 . 

p. 

Parallel circuit, 22. 

Phases of an alternate-current machine, 134. 

Photometry, 199. 

Platinum, Ught from, when heated, 8. 

Polarity and direction of current, 108. 

Pressure, unit of, 10. 

Principles of electric generators, 130. 

Q- 

QuANTTET, connection in, 22. 
unit of, 12. 
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Reaction of armature coil on magnets, 135. 
Regulation of machines, 178. 
Resistance, measurement of, 52. 
with strong currents, 55^ 



unit of, 11. 

Richards' indicator, 194. 



s. 



Saturation, 117. 
Secondary batteries, 189. 

generators, 184. 

Self adjustment of .current by lamps, 26. 

induction, 123. 

co-efficient of, 125. 

effect of, in dynamo-machines, 137. 

Series, connection in, 'J2. 

■ wound dynamos, 142 . • 

Serrin's lamp, 86. 

Shunts for galvanometer, 25, 39. 

Shunt-wound dynamos, 142. 

Siemens' alternating-machine, 159 . 

— — • direct-current dynamo-machine, 174. 

electro-dynamometer, 35 . 

Sines, tangents, &c., 216. 
Speed indicator. Young's, 197. 

of dynamos, 153. 

Sprengel air-pump, 65. 

Steam's air-pump, 65. 

Storage batteries, 189. 

Strength and weight of metals, 222. 

Swan's lamp, new pattern, 67. 

— old pattern, 63 . 

T. 

Table of areas of circles, 217. 

carbons for arc lamps, 106, 107. 

efficiency of Edison lamps, 74. 

— - Swan lamps, 70. 

strength and weight of metals, 222. 

sines, tangents, Ac, 216. 

— weights and resistances of pure copper wires, 208. 

Tangent galvanometer, 40. 

Tangents, sines, &c., 216. 

Temperature scale for incandescent lamps, 74. 
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Theory of direct-current machines, 138. 

— electric generators, 113. 

the Gramme machine, 138. 

Siemens machine, 141. 

Thomson's graded galvanometer, 47. 
— — voltmeter, uO. 



u 



Unit, the commercial, 20. 
Units, 10. 



V. 



Variation of current, effect of, 115, 

Volt, the, defined, 10. 

Voltmeter, Ayrton and Perry's, 50. 

— Cardew's, 62. 

Thomson's, 50. 

w. 

Water, analogies between the flow of, and of currents, 4. 

Willans' electric governor, 180, 

Wires, weights and resistances of copper, 208. 

Wheats tone's bridge, 52. 

Work, unit of, 13. 

Young's speed indicator, 197. 



THE END. 
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by Mrs. Matthew Clarke, and Edition. Crown 8vo, 5j. 

British Fisheries Directory, 1883-84. Small 8vo, 2s, 6d. 

Brittany, See Blackburn. 

Broglie {Due de) Frederick II. and Maria Theresa, 2 vols., 
8vo, 30f. 

Bro7vne {G. Lathoni) Narratives of Nineteenth Century State 
Trials. First Period: From the Union with Ireland to the Death 
of George IV., 1801 — 1830. 2nd Edition, 2 vols., crown 8vo, doth, 26;. 

Browne {Lennox) and Behnke {Emit) Voice, Song, and Speech, 
Medimn 8vo, cloth. 

Bryant ( W, C) and Gay {S. If.) History of the United States, 
4 vols., royal 8vo, profusely Illustrated, 6of . 

Bryce {Rev, Professor) Manitoba : its History, Growth, and 
Present Position. Crown 8vo, with Illustrations and Maps, Is. 6d, 

Bunyaris Pilgrirn's Progress, With 138 original Woodcuts. 
Small post 8vo, cloth gilt, y. 6d. 

Bumaby {Capt.) On Horseback through Asia Minor, 2 vols., 
8vo, 38^. Cheaper Edition, crown 8vo, icxr. 6d. 

Bumaby {Mrs. F,) High Alps in Winter; or. Mountaineering 
in Search of Health. By Mrs. Fred Burnaby. With Portrait of 
the Authoress, Map, and other Illustrations. Handsomely bound in 
cloth, i^r. 

Butler { W. F) The Great Lone Land; an Account of the Red 
River Expedition, 1869-70. With Illustrations and Map. Fifth and 
Cheaper Edition, crown 8vo, cloth extra, is. 6d. 

Invasion of England, told twenty years after, by an Old 

Soldier. Crown 8vo, 25. 6d. 

Red Cloud ; or, the Solitary Sioux. Imperial i6mo, 



numerous illustrations, gilt edges, yj. 6^. 

77ie Wild North Land; the Story of a Winter Journey 



with Dogs across Northern North America. Demy 8vo, cloth, with 
numerous Woodcuts and a Map, 4th Edition, 18^. Cr. 8vo, yx. bd, 

Buxton {H, T. W.) Painting, English and American. With 
numerous Illustrations. Crown 8vo, 51. 
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nADOGAN {Lady A) Illustrated Games of Patience. 
^ Twenty- four Diagrams in Colours, with Descriptive Text. Foolscap 
4to, cloth extra, gilt edges, 3rd Edition, izr. d/. 

California. See ** Nordhofif." 

Cambridge Staircase (A), By the Author of "A Day of my 
Life at Eton." Small crown 8vo, cloth, 2s. 6d. 

Cambridge Trifles ; or, Splutterings from an Undergraduate 
Pen. By the Author of ** A Day of my Life at Eton," &c i6mo, 
cloth extra, 25, 6tL 

Capello {H.) and Ivens (-^.) From Benguella to the Territory 
of Yacca. Translated by Alfred Elwes. With Maps and over 
130 full-page and text Engravhigs. 2 vols., 8vo, 421. 

Carleton ( W,), See " Rose Library." 

Carlyle (71) Reminiscences of my Irish journey in 1849. 
Crown 8vo, yj. dd, 

Carnegie (A.) American Four-in-Hand in Britain, Small 
4to, Illustrated, lOf. dd. 

Chairman's Handbook {The), By R. F. D. Palgrave, Clerk of 
the Table of the House of Commons. 5th Edition, enlarged and 
re-written, 2j. 

Chatlamel {M, A.) History of Fashion in France, With 21 
Plates, coloured by hand, satin-wood binding, imperial 8vo, 28j. 

Changed Cross {The\ and other Religious Poems. i6rao, 2s. 6d, 

Charities of London, See Low*s. 

Chattock {R, S,) Practical Notes on Etching, Second Edition, 
8vo, 7x. 6</. 

Chess, See Bird (H. E.). 

China. See Colquhoun. 

Choice Editions of CJwice Books, 2s, 6d, each. Illustrated by 
C. W. Cope, R.A., T. Creswick, R.A., E. Duncan, Birket 
Foster, J. C. Horsley, A.R.A., G. Hicks, R. Redgrave, R.A., 
C. Stonehouse, F. Tayler, G. Thomas, H. J. Townshend, 
E. H. Wehnert, Harrison Weir, &c. 

Bloomfield's Farmer's Boy. 
Campbell's Pleasures of Hope. 
Coleridge's Ancient Mariner. 
Goldsmith's Deserted Village. 
Goldsmith's Vicar of Wakefield. 



Gray's Elegy in a Churchyard. 
Heat's Eve of St. Agnes. 



Milton's L* Allegro. 
Poetry of Nature. Harrison Weir. 
Rogers' (Sam.) Pleasures of Memory. 
Shakespeare's Songs and Sonnets. 
Tennjrson's May Queen. 
Elizabethan Poets. 
Wordsworth's Pastoral Poems. 



« 



Such works are a glorious beatification for a poet*— i4/A<iwr»iw. 
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Christ in Song. By Dr. Philip Schaff. A New Edition, 

revised, cloth, gilt edges, dr. 
ChromO'Lithography. See *'Audsley." 
Cid {Ballads of the). By the Rev. Gerrard Lewis. Fcap. 

8vo, parchment, 2J. 6^. 

Clay {Charles M,) Modem Hagar. 2 vols., crown 8vo, 21s. 
See also ** Rose Library." 

Colquhoun (A, J^,) Across Chryse ; From Canton to Mandalay. 
With Maps and very numerous Illustrations, 2 vols., 8vo, 42X. 

Composers, See " Great Musicians." 

Confessions oj a Frivolous Girl ( The) : A Novel of Fashionable 
Life. Edited by Robert Grant. Crown 8vo, dr. Paper boards, i^. 

Cook (Dutton) Book of the Flay. J^ew and Revised Edition. 
I vol., cloth extra, 3^. 6d, 

On the Stage: Studies of Theatrical History and the 

Actor's Art. 2 vols., 8vo, cloth, 24r. 

Coote {W.) Wanderings South by East. Illustrated, 8vo, 21s. 
New and Cheaper Edition, lar. dd, 

Western Pacific. Illustrated, crown 8vo, 2s. 6d. 

Costume. See Smith (J. Moyr). 

Cruise of the Walnut Shell {The), An instructive and amusing 
Story, told in Rhyme, for Children. With 32 Coloured Plates. 
Square fancy boards, 5^. 

Curtis {C B.) Velazquez and Murillo. With Etchings &c., 
Royai 8vo, 31J. (id.\ large paper, 63J. 

Cutcliffe {If, C, ) Trout Fishing in Rapid Streams. Cr. 8 vo, 3 J. 6d, 

ry AN VERS {N) An Elementary History of Art. Crown 
-^-^ 8vo, loj. 6d, 
Elementary History of Music. Crown 8vo, 2s. 6d, 

Handbooks of Elementary Art — Architecture; Sculp- 

ture ; Old Masters ; Modem Painting. Crown 8vo, 31. dd. each. 

Day of My Life {A) ; or, Every-Day Experiences at Eton, 
By an Eton Boy, Author of "About Some Fellows." i6mo, cloth 
extra, 2s, dd, 6th Thousand. 

Da^s Collacon: an Encyclopcedia of Prose Quotations, Im- 
perial 8vo, cloth, 3 1 J. dd. 

Decoration, Vol. II., folio, 6x. Vols. III., IV., V., and VI., 

New Series, folio, yx. 6c/. each. 

See also Batley. 
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De Leon (JS,) Egypt under its Khedives, With Map and 
Illustrations. Crown 8vo, /\s, 

Don Quixote, Wit and Wisdom of. By Emma Thompson. 

Square fcap. 8vo, 3^. (id, 

Donnelly (^Ignatius) Atlantis ; or, the Antediluvian World. 
Crown 8vo, 12s. 6d, 

Ragnarok: The Age of Fire and Gravel, Illustxated, 

Crown Svo, I2j. 6^. 

Dos Passes {y^, J^,) Law of Stockbrokers and Stock Exchanges, 

8vo, 35J. 

Dougall {James Dalziel, F,S,A,, E.Z.A.) Shooting: its Ap- 
pliances, Practice, and Purpose. New Edition, revised with additions. 
Crown 8vo, cloth extra, ys. dd, 

"The book is admirable in every wsnr. .... We wish it every success."— C&fc. 

"A very complete treatise Likely to take high rank as an authority on 

shooting." — Daily News, 

Drama, See Archer, Cook (Button), Williams (M.). 

Dumford {Col. A, W,) A Soldier's Life and Work in South 
Africa,* 1872-9. 8vo, 14J. 

Dyeing, See Bird (F. J.). 

PDUCATIONAL Works published in Great Britain. 

^-^ Classified Catalogue. Second Edition, revised and corrected, Svo, 
cloth extra, 5^. 

Egypt, See " De Leon," " Foreign Countries," "Senior." 

Eidlitz {Leopold^ Nature and Functions of Art {The) ; and 
especially of Architecture. Medium Svo, cloth, 2is, 

Electricity, See Gordon. 

Emerson Birthday Book, Extracts from the Writings ofR, W, 
Emerson. Square i6mo, cloth extra, numerous Illustrations, very 
choice binding, 3^. dd, 

Emerson (R. W,) Life, By G. W. Cooke. Crown Svo, Zs. 6d, 

English Catalogue of Books. Vol. III., 1872 — 1880. Royal 
8vo, half-morocco, 42 j. 

English Philosophers, Edited by E. B. Ivan Muller, M.A. 

A series intended to give a concise view of the works and lives of English 
thinkers. Crown Svo volumes of 180 or 200 pp., price is, 6d, each. 

Francis Bacon, by Thomas Fowler. *John Stuart Mill, by Miss Helen 



Hamilton, by W. H. S. Monck. 
Hartley and James Mill, by G. S. 
Bower. 



Taylor. 
Shaftesbury and Hutcheson, by 

Professor Fowler. 
Adam Smith, by J. A. Fairer, 
• Not yet published. 



List of Publications. 



Episodes in the Life of an Indian Chaplain. Crown 8vo, 
cloth extra, I2s, tit. 

Episodes of French History, Edited, with Notes, Maps, and 
Illustrations, hy Gust AVE Masson, B. A. Small 8vo, 2s, 6d, each. 

1. Charlexnacme and the Cajrlovinsians. 

2. Louis XI. and the Crusades. 

3. Part I. Francis I. and Charles V. 

„ XL Francis I. and the Benaissance. 

4. Henry IV. and the End of the Wars of Beligrion. 

Esmarch {Dr, Friedrich) Handbook on tlie Treatment of 
Wounded in War. Numerous Coloured Plates and Illustrations, 8vo, 
strongly bound, i/. &f. 

Etcher {The), Containing 36 Examples of the Original 
Etched-work of Celebrated Artists, amongst others : Birket Foster, 
J. E. Hodgson, R.A., Colin Hunter, J. P. Heseltine, Robert 
W. Macbeth, R. S. Chattock, &c. Vols, for 1881 and 1882, 
imperial 4to, cloth extra, gilt edges, 2/. 12s, 6d, each. 

Etching, See Batley, Chattock. 

Etchings {Modern) of Celebrated Paintings, 4to, 31J. dd, 

IPAEM Ballads, Festivals^ and Legends, See " Rose Library." 

Fashion {History of). See " Challamel." 
Fawcett {Edgar) A Gentleman of Leisure, is, 
Fechner{G. T) On Life after Death. 12 mo, vellum, 2s, 6d, 
Felkin {R, W.) and Wilson {Rev, C, T) Uganda and the 

Egyptian Soudan. With Map, numerous Illustrations, and Notes. 
By k. W. Felkin, F.R.G.S., &c., &c. ; and the Rev. C. T. 
Wilson, M.A. Oxon., F.R.G.S. 2 vols., crown 8vo, cloth, 2&r. 

Fenn ( G, Manville) Off to tlie Wilds : A Story for Boys. 

Profusely Illustrated. Crown 8vo, *js. 6d, 

Ferguson {John) Ceylon in 1883. With numerous Illustrations. 
Crown 8vo. 

Ferns, See Heath. 

Fields {y. T,) Yesterdays with Authors, New Ed, 8vo., \6s. 

Florence, See "Yriarte." 

Flowers of Shakespeare, 32 beautifully Coloured Plates, with 
the passages which refer to the flowers. Small 4to, 51. 
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Foreign Countries and British Colonies, A series of Descriptive 

Handbooks. Each volume will be the work of a writer who has 
special acquaintance with the subject. Crown 8vo, y, (>d, each. 



Australia, by J. F. Vesey Fitzgeraid. 

Austria, by D. Kay, F. R. G. S. 
•Canada, by W. Fraser Rae. 

Denmark and Iceland, by E. C.Otte. 

Egypt, by S. Lane Poole, B.A. 

France, by Miss M. Roberts. 

Germany, by S. Baring-Gculd, 

Greece, by L. Sergeant, B.A. 
•Holland, by R. L. Poole. 

Japan, by S. Mossman. 
•New Zealand. 
•Persia, by Major-Gen. Sir F. Gold- 



Peru, by Clements R. Markham, 

C.B. 
Russia, by W. R. Morfill, M.A. 
Spain, by Rev. Wentworth Webster. 
Sweden and Norway, by F. H. 

Woods. 
•Switzerland, by W. A. P. Coolidge, 

M.A. 
*Turkey-in-Asia, by J. C McCoan, 

M.P. 
West Indies, by C. H. Eden^ 

F. R* G. S. 



smid. 

• Not ready yet. 

Fortunes made in Business, 2 vols., demy 8vo, cloth, 32J. 

Franc {Maud Jeanne), The following form one Series, small 
post 8vo, in uniform cloth bindings, with gilt edges: — 



Emily's Choice. $s. 

Hall's Vineyard. 4J. 

John's Wife : A Story of Life in 

South Australia. 4-r. 
Marian ; or. The Light of Some 

One's Home. 51. 
Silken Cords and Iron Fetters. 4^. 



Vermont Vale. $s, 

Minnie's Mission. 4X. 

Little Mercy. 4J. 

Beatrice Melton's Discipline. 

No Longer a Child. 4J. 

Golden Gifts. 4J. 

Two Sides to Every Question. 



4J. 



Francis (F.) War, Waves, and Wanderings, including a Cruise 
in the ** Lancashire Witch." 2 vols., crown 8vo, cloth extra, 241. 

Frederick the Great, See " Broglie." 

French, See " Julien." 

Froissart, See " Lanier." 



r^ENTLE Life (Queen Edition). 2 vols, in i, small 4to, ds. 
THE GENTLE LIFE SERIES. 

Price 6x. each ; or in calf extra, price iolt. (id. ; Smaller Edition, cloth 
extra, 2s. 6d., except where price is named. 

The Gentle Life, Essays in aid of the Formation of Character 
of Gentlemen and Gentlewomen, 

About in the World, Essays by Author of " The Gentle Life." 
Like unto Christ, A New Translation of Thomas k Kempis* 

" De Imitatione Christi," 
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Familiar Words, An Index Verborum, or Quotation Hand- 
book. 6j. 

Essays by Montaigne, Edited and Annotated by the Author 
of "The Gende Life." 

The Gentle Life. 2nd Series. 

Tlie Silent Ilour: Essays, Original and Selected, By the 
Author of "The Gentle Life." 

Half-Length Portraits, Short Studies of Notable Persons. 

By J. Hain Friswell. 
Essays on Efiglish Writers, for the Self-improvement of 

Students in EngHsh Literature. 

Other Peoples Windows, By J. Hain Friswell. 6s, 

A Man's Thoughts, By J. Hain Friswell. 

The Countess of Pembroke's Arcadia, By Sir Philip Sidney. 

New Edition, 6s, 

George Eliot: a Critical Study of her Life, By G. W. Cooke. 

Crown 8vo, lOf. 6d. 
German, See Beumer. 
Germany, By S. Baring-Gould. Crown 8vo, 31. 6d, 

Gibbs {J, R) British Honduras, Historical and Descriptive, 
Crown 8vo, *is, 6d. 

Gilder (W, H.) Ice-Pack and Tundra, An Account of the 
Search for the ** Jeannette." 8vo, \%s, 

Schwatka's Search, Sledging in quest of the Franklin 

Records. lUustrated, 8vo, 12s. 6d. 

Gilpin's Forest Scenery, Edited by F. G. Heath. Large 
post 8vo, witfc numerous Illustrations. Uniform with ** The Fern 
World/* re-issued, 'js. 6d. 

Glas (John) The Lord's Supper, Crown 8vo, 5^. 

Gordon (/. E, H, B,A, Cantab^ Four Lectures on Electric 
Induction. Delivered at the Royal Institution, 1878-9. With 
numerous Illustrations. Cloth limp, square l6mo, y, 

Electric Lighting, [In preparation, 

Physical Treatise on Electricity and Magnetism, New 

Edition, revised and enlarged, with coloured, full-page, and other 
Illustrations. 2 vols., 8vo, 421. 

Goujfe, The Royal Cookery Book, By Jules Gouffe ; trans- 
lated and adapted for English use by Alphonse Gouff^, Head 
Pastrycook to Her Majesty the Queen. Illustrated with large plates 
printed in colours. 161 Woodcuts, 8vo, cloth extra, gilt edges, 42^. 

— — — Domestic Edition, half-boundj lof. 6d. 
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Great Artists. See " Biographies." 

Great Historic Galleries of England {T7u), Edited by Lord 

Ronald GOWER, F.S.A., Trustee of the National Portrait Gallery. 
Illnstrated by 24 large and carefully executed permamnt Photographs 
of some of the most celebrated Pictures by the Great Masters. VoL I. , 
imperial 4to, cloth extra, gilt edges, 3iSr. VoL IL, with 36 lar^e 
permanent photc^^phs, 2/, izr. dd. 

Great Musicians, Edited by F. Hueffer. A Series of 
Biographies, crown 8vo, 3/. each : — 

Bach. 
•Beethoven. 
•Berlioz. 

English Chtirch Com- 
posers. ByBARETT. 
•Gliick. 



HandeL 
•Haydn. 
•Marcello. 

Mendelssohn. 

Mozart. 
•Palestrina. 

• In preparation. 



PurcelL 
Rossini. 
SchuberL 
•Schumann. 
Richard Wagner. 
Weber. 



Grohmann {W. A. B,) Camps in the Rockies, 8vo, 12s, 6d, 
Guizofs History of France, Translated by Robert Black. 

Super-royal 8vo, very numerous Full-page and other Illustrations. In 

8 vols., cloth extra, gilt, each 24^. ThS work is re-issued in cheaper 

binding, 8 vols., at I or. 6d, each. 

" It supplies a want which has long been felt, and ought to be in the hands of all 
students of history." — Times. 

■ MassotCs School Edition, The 

History of France from the Earliest Times to the Outbreak of the 
Revolution; abridged from the Translation by Robert Black, M.A., 
with Chronologic^ Index, Historical and Genealogical Tables, &c 
By Professor Gustave Masson, B.A., Assistant Master at Harrow 
SchooL With 24 full-page Portraits, and many other Illustrations. 
I vol., demy 8vo, 600 pp., cloth extra, ioj. 6^. 

Guizofs History of England, In 3 vols, of about 500 pp. each, 

containing 60 to 70 Full-page and other Illustrations, cloth extra, gilt, 

247. each ; re-issue in cheaper binding, \os. dd. each. 

"For luxury of typography, plainness of print, and beauty of illustration, these 
volumes, of which but one has as vet appeared in English, will hold their own 
against any production of an age so luxurious as our own in everything, tjrpography 
not excepted" — Times. 

Guy on {Mde.) Life, By Upham. 6th Edition, crown 8vo, 6s. 



JLTALL {IV, W,) How to Live Long; or, 1408 Health Maxims, 
•^-^ Physical, Mental, and Moral. By W. W. Hall, A.M., M.D. 
Small post 8vo, cloth, 2s. 2nd Edition. 

Harper^ s Christmas No,, 1882. Elephant folio, 2^. 6d. 
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Harper's Monthly Magazine. Published Monthly. 160 pages, 

fully Illustrated, i^. 

Vol. I. December, 1880, to May, 1881. 
,, II. June to November, 1881. 
„ III. December, 1881, to May, 1882. 
„ IV. June to November, 1882. 
„ V. December, 1882, to May, 1883. 
Super-royal 8vo, &f. dd, each. 

" ' Harper's Magazine ' is so thickly sown with excellent illustrations that to count 
them would be a work of time ; not that it is a picture magazine, for the engravings 
illustrate the text after the manner seen in some of our choicest idittons deluxe**— 
St. yanus*s Gazette. 

" It is so pretty, so bi^, and so cheap. ... An extraordinary shillingsworth— 
x6o large octavo pages, with over a score of articles, and more than three times as 
msiny 'u\\xsin.yxon&. --Edinburgh Daily Review. 

" An amazing shillingsworth . . . combining choice literature of both nations." — 
Nonconfortnist. 

Hatton {Joseph) Journalistic London : with Engravings and 
Portraits of Distinguished Writers of the Day. Fcap. 4to, I2J. 6^. 

Three Recruits^ and the Girls they left behind them. 

Small post 8vo, 6f. 

*' It hurries us along in unflagging excitement." — Times, 

See also " Low's Standard Novels." 



Heath (^Francis George), Autumnal Leaves, New Edition, 
with Coloured Plates in Facsimile from Nature. Crown 8vo, 14^. 

Bumham Beeches, Illustrated, small 8vo, \s, 

Fern Paradise, New Edition, with Plates and Photos., 

crown 8vo, I2x. dd. 

Fern World, With Nature-printed Coloured Plates. 



New Edition, crown 8vo, I2J. dd, 

Gilpin's Forest Scenery, Illustrated, Svo, 12^. 6^/. ; 



New Edition, 7^. 6^. 

Our Woodland Trees, With Coloured Plates and 



Engravings. Small 8vo, \2s, 6d, 

Peasant Life in the West of England, Crown Svo, 



I or. 6d. 

Sylvan Spring, With Coloured, &c., Illustrations. 



I2s, 6d. 

Trees and Ferns, Illustrated, crown Svo, 35. 6d, 

Where to Find Ferns, Crown Svo, 2s, 



Heher {Bishop) Hymns, Illustrated Edition, With upwards 
of 100 beautiful Engravings. Small 4to, handsomely bound, 7^. 6^. 
Morocco, i8jr. 6d, and 21s, New and Cheaper Edition, doth, fx. 6d, 
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Heldmann (Bernard) Mutiny on Board the Ship " Leander'' 
Small post 8vo, gilt edges, numerous Illustrations, ^s, td, 

Henty {G, A!) Winning his Spurs. Numerous Illustrations 

Crown 8vo, 5/. 
Comet of Horse : A Story for Boys, Illustrated, crown 

8vo, 5.r. 

Jack Archer : Tale of the Crimea, Illust., crown 8vo, $s. 



Herrick (^Robert) Poetry, Preface by Austin Dobson. With 

numerous Illustrations by E. A. Abbey. 4to, gilt edges, 42X. 

History and Principles of Weaving by Hand and by Power. With 
several hundred Illustrations. By Alfred Barlow. Royal 8vo, 
cloth extra, i/. 51. Second Edition. 

Hitchman {Francis) Public Life of the Right Hon, Benjamin 
Disraeli, Earl of Beaconsfield. New Edition, with Portrait Crown 
8vo, 3J. 6d, 

Hole {Rev, Canon) Nice and Her Neighbours, Small 4to, 
with numerous choice Illustrations, i6j. 

Holmes (O, W.) The Poetical Works of Oliver Wendell Holmes, 
In 2 vols., i8mo, exquisitely printed, and chastely boimd in limp 
cloth, gilt tops, \05, 6d, 

Hoppus (y^, D,) Riverside Papers, 2 vols., 12^. 

Hovgaard (A,) See " Nordenskiold's Voyage." Svo, 21s. 

Hugo ( Victor) ** Ninety-Three,'* Illustrated. Crown Svo, 6s. 

Toilers of the Sea, Crown Svo, fancy boards, 2s. 

— — and his Times, Translated from the French of A. 
Barbou by Ellen E. Frewer. 120 Illustrations, many of them 
from designs by Victor Hugo himself. Super-royal Svo, cloth extra, 
247. 

History of a Crime {The) ; Deposition of an Eye-witness, 



The Story of the Coup d'£tat. Crown Svo, 6j. 

Hundred Greatest Men {The), S portfolios, 21^. each, or 4 
vols., half-morocco, gilt edges, 10 guineas. 

Hutchinson {Thos,) Diary and Letters, Demy Svo, cloth, i6j. 

Hutchisson {W. H) Pen and Pencil Sketches: Eighteen Years 
in Bengal. 8to, \Zs. 

Hygiene and Public Health (A Treatise on). Edited by A. H. 
Buck, M.D. Illustrated by numerous Wood Engravings. In 2 
royal Svo vols., cloth, 42J. 

Hymnal Companion of Common Prayer. See Bickersteth. 
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ILLUSTRATED Text-Books of Art-Education. Edited by 
■^ EdwardJ. PoYNTER, R.A. Each Volume Contains numerous Illus- 
trations, and is strongly bound for the use of Students, price 5j« The 
Volumes now ready are : — 

PAINTING. 



French and Spanish. 
Ensrlish and American. 



Olassic and Italian. By Percy 

R. Head. 
German, Flemish, and Dutch. 

ARCHITECTURE. 

Classic and Early Christian. 

Oothic and Benaissance. By T. Roger Smith. 

SCULPTURE. 

Antique : Egyptian and Oreek. | Benaissance and DIodern. 
Italian Sculptors of the 14th and 15th Centuries. 

ORNAMENT. 

Decoration in Colour. | Architectural Ornament. 

Irving ( Washington). Complete Library Edition of his Works 
in 27 Vols., Copjnright, Unabridged, and with the Author's Latest 
Revisions, called the ** Geoffrey Crayon" Edition, handsomely printed 
in large square 8vo, on superfine laid paper. Each volume, of about 
500 pages, fully Illustrated. 1 25, 6a. per vol. See also * * Little Britain." 

■ (" American Men of Letters.") 2s. 6d. 

^AMES (C.) Curiosities of Law and Lawyers, 8vo, 7^. dd. 

Japan. See Audsley. 

Jarves {/-/.) Italian Rambles, Square i6mo, 5^. 

yohnson (O.) W, Lloyd Garrison and his Times. Crown 8vo, 

125. 6d. 

yones {Major) The Emigrant^ Friend. A Complete Guide to 
the United States. New Edition. 25, 6d. 

Jones {Mrs. Herbert) Sandringham : East and Present. Illus- 
trated, crown 8vo, 8j. dd, 

Julien (F.) English Studenfs French Examiner, i6mo. 2s. 

First Lessons in Conversational French Grammar. 

Crown 8vo, 15. 

Conversational French Reader. i6mo, cloth, 2s. 6d. 

Petites Lemons de Conversation et de Grammaire. New 



Edition, 3^. 6</. ; without Phrases, 25. dd. 

Phrases of Daily Use. Limp cloth, dd. 



Jung (Sir Salar) Life of \^In the press 
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jy'EMFIS {Thomas a) Daily Text-Book, Square i6mo, 

■* ^ 2s, 6d.i interleaved as a Birthday Book, ^. 6d, 

Kingston (IV. If, G,) Dick CheveUy, Illustrated, i6mo, gilt 

edges, *js. 6d. j plainer binding, plain edges, $s, 
— — Fresk and Salt Water Tutors : A Story, ^s. 6d, 
Ifeir of Kilfinnan, Uniform, 7 j. 6/f. ; also 55. 

■ Snow-Shoes and Canoes, Uniform, *js, 6d, ; also $s. 

Two Supercargoes, Uniform, 7^. 6d, ; also 55". 

With Axe and Rifle, Uniform, 7J. dd, ; also 55". 

Knight {E, F.) Albania and Montenegro, Illust. 8vo. 12^. dd. 

Knight \e. J.) The Cruise of the ''Falcon:' A Voyage round 
the World in a 30-Ton Yacht. Numerous Illust. 2 vols., cro^-n 8vo. 

T AMBERT (O,) Angling Literature in England ; and 

•'-^ Descriptions of Fishing by the Ancients. With a Notice of some 

Books on other Piscatorial Subjects. Fcap. 8vo, vellum, top gilt, 3^. dd. 

Lanier {Sidney) The Boy's Froissart, selected from the Chroni- 
cles of England, France, and Spain. Illustrated, extra binding, gilt 
edges, crown 8vo, ^s. (xi. 

■ Boy's King Arthur, Uniform, 7^. 6d, 

— -^ Bofs Mabinogion ; Original Welsh legends of King 
Arthur. Uniform, *]$. 6d. 

Boy's Fercy : Ballads of Love and Adventure^ selected 



from the ** Reliques." Uniform, Is, 6d, 

Lansdell {H.) Through Siberia, 2 vols., demy 8vo, 30J. ; New 

Edition, very numerous illustrations, 8vo, loj. 6d, 

Larden {W,) School Course on Heat, Second Edition, Illus- 
trated, crown 8vo, ^s, 

Lathrop {G. F,) In the Distance, 2 vols., crown 8vo, 21s. 

Legal Frofession :■ Romantic Stories, js. 6d. 

Lennard {T, B,) To Married Women and Women about to be 
Married, &c. 6d. 

Lenormant {F.) Beginnings of History, Crown Svo, 12s. 6d. 

Leonardo da Vinci's Literary Works, Edited by Dr. Jean 
Paul Richter. Containing his Writings on Painting, Sculpture, 
and Architecture, his Philosophical Maxims, Humorous Writings, and 
Miscellaneous Notes on Personal Events, on his Contemporaries, on 
Literature, &c. ; for the first time published firom Autograph Manu- 
scripts. By J. P. Richter, Ph. Dr., Hon. Member of the Royal and 
Imperial Academy of Rome, &c 2 vols., imperial 8vo, containing 
about 200 Drawings in Autotype Reproductions, and numerous other 
Illustrations. Twelve Guineas. 
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Ley land {R, W,) Holiday in South Africa, Crown 8vo, 12J. dd. 

Library of Religious Poetry, A Collection of the Best Poems 
of all Ages and Tongues. Edited by Philip Schaff, D.D., LL.D., 
and Arthur Oilman, M. A. Royal 8vo, 1036 pp., cloth extra, gilt 
edges, 2IS.; re-issue in cheaper binding, icxr. 6d, 

Lindsay ( W. S,) History of Merchant Shipping and Ancient 
Commerce. Over 150 Illustrations, Maps, and Charts. In 4 vols., 
demy 8vo, cloth extra. Vols, i and 2, I \s. each ; vols. 3 and 4, I4f. 
each. 4 vols, complete, 5Qr. 

Lillie {Lucy E,) Prudence : a Story of Esthetic London, 
Small 8vo, 5^. 

Little Britain ; together with The Spectre Bridegroom, and A 
Legend of Sleepy Hollow. By Washington Irving. An entirely 
New Edition de Itixe^ specially suitable for Presentation. Illustrated 
by 120 very fine Eni;ravings on Wood, by Mr. J. D. Cooper. 
Designed by Mr. Charles O. Murray. Re-issue, square crown 
8vo, cloth, 6j. 

Logan (Sir William E) Life, By Bernard J. Harrington. 

8vo, I2s. 6d. 

Long {Mrs, W, H, C.) Peace and War in the Transvaal, 
i2mo, 3j. 6d, 

Low^s Standard Library of Travel and Adventure, Crown 8vo, 
bound uniformly in cloth extra, price *js, 6</., except where price is 
given. 

1. The Great Lone Land. By Major W. F. Butler, C.B. 

2. The WUd North Land. By Major W. F. Butler, C.B.' 

3. How I found Livingrstone. By H. M. Stanley. 

4. Throufirh the Dark Continent. By H. M. Stanley. I2j. (>d, 

5. The Threshold of the Unknown Beffion. By C. R. Mark- 

ham. (4th Edition, with Additional Chapters, los. 6d.) 

6. Cruise of the ChaUen^er. By W. J. J. Spry, R.N. 

7. Bumaby's On Horseback througrh Asia Uinor. lar. 6d, 

8. Schweinfurth*8 Heart of Africa. 2 vols., 151. 

9. Marshall's Througrh America. 

10. Lansdell's Througrh Siberia. Illustrated and unabridged, 
I or. 6d, 

Loiv's Standard Novels, Small post 8vo, cloth extra, 6^. each, 

unless otherwise stated. 

Work. A Story of Experience. By Louisa M. Alcott. 

A Daugrhter of Heth. By W. Black. 

In Silk Attire. By W. Black. 

Kilmeny. A Novel By W. Black. 

B 
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Loufs Standard Novels — continued. 

Lady Silverdale's Sweetheart. By W. Black*. 

Sanrise. By W. Black. 

Three Feathers. By William Black. 

Alice Lorraine. By R. D. Blackmore. 

Ohristowell, a Dartmoor Tale. By R. D. Blackmorv* 

Clara Vaufirhan. By R. D. Blackmore. 

Cradock Nowell. By R. D. Blackmore. 

Cripps the Carrier. By R. D. Blackmore. 

Erema ; or, My Father's Sin. By R. D. Blackmork. 

Loma Doone. By R. D. Blackmore. 

Mary Anerley. By R. D. Blackmore. 

An Engrlish Squire. By Miss Coleridge. 

'Mistress Judith. A Cambridgeshire Story. By C C. Fraskr« 
Tytler. 

A Story of the Dragronnades ; or, Asylum Christi. By the Rev. 
E. GiLLIAT, M.A. 

A Laodicean. By Thomas Hardy. 

Far from the Maddingr Crowd. By Thomas Hardy. 

The Hand of Ethelberta. By Thomas Hardy. 

The Trumpet Major. By Thomas Hardy. 

Two on a Tower. By Thomas Hardy. 

Three Kecruits. By Joseph Hatton. 

A Oolden Sorrow. By Mrs. Cashel Hoey. New Edition. 

Out of Court. By Mrs. Cashel Hoey. 

History of a Crime: The Story of the Coup d'jfctat. Victor 
Hugo. 

Ninety-Three. By Victor Hugo. Illustrated. 

Adela Cathcart. By George Mac Donald. 

Ouild Court. By George Mac Donald. 

Mary Marston. By George Mac Donald. 

Stephen Archer. New Edition of "Gifts." By George Mac 
Donald. 

The Vicar's Daugrhter. By George Mac Donald. 

Weiflrhed and Wanting:. By George Mac Donald. 

Diane. By Mrs. Macquoid. 

Elinor Dryden. By Mrs. Macquoid. 

My Lady Oreensleeves. By Helen Mathers. 

John Holdsworth. By W. Clark Russell. 

A Sailor's Sweetheart. By W. Clark Russell* 
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Wreck of the Groevenor. By W. Clark Russelu 

The Lady Maud. By W. Clark Russell. 

Little Loo. By W. Clark Russell. 

My Wife and I. By Mrs. Beecher Stowe. 

Poffanuc People, Their Loves and Lives. By Mrs. B. Stowe. 

Ben Hur : a Tale of the Christ. By Lew. Wallace. 

Anne. By Constance Fenimore Woolson. 

For the Major. By Constance Fenimore Woolson. 5x. 

LoTxfs Handbook to the Charities of London {^Annual), Edited 
and revised to date by C. Mackeson, F.S.S., Editor of ** A Guide 
to the Churches of London and its Suburbs/' &c. Paper, i;.; cloth, 

lUfCCORMICK (^., R.N), Voyages of Discovery in the 

•^'^ Arctic and Antarctic Seas in the "Erebus'* and ** Terror," in 
Search of Sir John Franklin, &c., with Autobiographical Notice by 
R. McCoRMiCK, R.N., who was Medical Officer to each Expedition. 
With Maps and very numerous Lithographic and other Illustrations. 
2 vols., royal 8vo, 521. 6</. 

Macdonald (A.) *^ Our Sceptred Is/e" and its World-wide 

Empire. Small post 8vo, cloth, 4J-. 

MacDonald {G) Orts. Small post 8vo, 6^. 

See also " Low's Standard Novels." 

Macgregor {John) ^^ Rob Roy" on the Baltic. 3rd Edition, 
small post 8vo, 2s. 6d, ; cloth, gilt edges, 3^. 6d. 

A Thousand Miles in the ^^ Rob Roy" Canoe, nth 

Edition, small post Svo, 2s, 6d. ; cloth, gilt edges, 3^. 6d, 

Description of the " Rob Roy *' Canoe, Plans, &c., is. 

Voyage Alone in the Yawl " Rob Roy," New Edition, 



thoroughly revised, with additions, small post Svo, 51. ; boards, 2J. dd, 

Macquoid{Mrs,), See Low's Standard Novels. 

Magazine, See Decoration, Etcher, Harper, Union Jack. 

Magyarland, A Narrative of Travels through the Snowy Car- 
pathians, and Great Alfold of the Magyar. By a Fellow of the Car- 
pathian Society (Diploma of 1881), and Author of" The Indian Alps." 
2 vols., Svo, cloth extra, with about 120 Woodcuts from the Author's 
own sketches and drawings, 3SJ. 

Manitoba, See Rae. 

Maria Theresa. See Broglie. 

Marked " In Hasted A Story of To-day. Crown Svo, 8x. &/. 



so Sampson Low, Marston^ &* Co!s 

Markham (Admiral) A Naval Career during the Old War. 
8vo, cloth, 14J. 

Markham (C. I^.) The Tfireshold of the Unknown Region. 
Crown 8vo, with Four Maps, 4th Edition. Cloth extra, loj. 6^. 

— ^— War between Peru afid Chili, 1879-188 1. Crown 
8vo, with four Maps, &c Third Edition, los, 6ct, See also ** Foreign 
Countries." 

Marshall {IV, G,) Through America, New Edition, crown 
8vo, with about 100 Illustrations, 7x. 6^. 

Martin (y. W.) Float Fishing and Spinning in the Nottingham 
Style. Crown 8vo, 2s, dd, 

Marvin {Charles) Russian Advance towards India, Svo, 16s, 

Maury (Commander) Physical Geography of the Sea, and its 
Meteorology. Being a Reconstruction and Enlargement of his former 
Work, with Charts and Diagrams. New Edition, crown Svo, 6j. 

Men of Mark : a Gallery of Contemporary Portraits oftlie most 
Eminent Men of the Day taken from Life, especially for this publica- 
tion Complete in Seven Vols., handsomely bound, cloth, gilt edges, 
25^-. each. 

Mendelssohn Family (The), 1729— 1847. From Letters and 
Journals. Translated from the German of Sebastian Hensel. 
3rd Edition, 2 vols., Svo, 30J. 

Mendelssohn. See also " Great Musicians." 

Mitford {Mary Russell) Our Village, Illustrated with Frontis- 
piece Steel Engraving, and 12 full-page and 157 smaller Cuts. Crown 
4I0, cloth, gilt edges, 21 j.; cheaper binding, loj. 6d, 

Mollett {J. W,) Illustrated Dictionary of Words used in Art 
and Archaeology. Explaining Terms frequently used in Works on 
Architecture, Arms, Bronzes, Christian Art, Colour, Costume, Deco- 
ration, Devices, Emblems, Heraldry, Lace, Personal Ornaments, 
Pottery, Painting, Sculpture, &c., with their Derivations. Illustrated 
with 600 Wood Engravings. Small 4to, strongly bound in cloth, 15J. 

Morley {H,) English Literature in the Reign of Victoria, The 
2000th volume of the Tauchnitz Collection of Authors, iSmo, 
2s. (>d, 

Muller {£,) Noble Words and NobU Deeds. Containing many 
Full-pa^e Illustrations by Philippoteaux. Square imperial i6mo, 
cloth extra, 7j. (id, \ plainer binding, plain edges, 51. 

Music, See " Great Musicians," 
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J\^E WBIGGIN'S Sketches and Tales. i8mo, 4J. 

New Chilis Play (A). Sixteen Drawings by E. V. B. Beauti- 

fully printed in colours, 4to, cloth extra, 12s, 6d, 

New Zealand. See Bradshaw. 

Neutfoundland, See Rae. 

Norbury {Henry F,) Naval Brigade in South Africa, Crown 
8vo, cloih extra, los, 6d, 

Nordenskiold's Voyage around Asia and Europe. A Popular 
Account of the North- East Passage of the ** Vega." By Lieut. A. 
HovGAARD, of the Royal Danish Navy, and member of the " Vega" 
Expedition. 8vo, with about 50 Illustrations and 3 Maps, 21^. 

Nordhoff {C) Calif ornia^ for Healthy Pleasure, and Residence. 
New Edition, 8vo, with Maps and Illustrations, I2j. 6</. 

Northern Fairy Tales. Translated by H. L. Braekstad. 5^. 

Nothing to Wear ; and Two Millions. By W. A. Butler 
New Eklition. Small post 8vo, in stiff coloured wrapper, ix. 

Nursery Playmates {Prince of ). 217 Coloured Pictures for 
Children by eminent Artists. Folio, in coloured boards, dr. 



pjBRIEN {P. B.) Fifty Years of Concessions to Ireland, 
^ 8vo. 



■ /rish Land Question, and English Question. New 

Edition, fcap. 8vo, is. 

Our Little Ones in Heaven. Edited by the Rev. H. Robbins. 
With Frontispiece after Sir Joshua Reynolds. Fcap., cloth extra. 
New Edition — the 3rd, with Illustrations, 51. 

Outlines of Ornament in all Styles. A Work of Reference for 

the Architect, Art Manufacturer, Decorative Artist, and Practical 
Painter. By \V. and G. A. Audsley, Fellows of the Royal Institute 
of British Architects. Only a limited number have been printed and 
the stones destroyed. Small folio, 60 plates, with introductory text, 
cloth gilt, 3 1 J. ()d. 

Owen {Douglas) Marine Insurance Notes and Clauses, los. 6d. 
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pALGRA VE {R. F. D.). See " Chairman's Handbook. 



»> 



Palliser {Mrs,) A History of Lace, from the Earliest Period, 
A New and Revised Edition, with additional cuts and text, upwards of 
loo Illustrations and coloured Designs. I vol., 8vo, i/. u. 

Historic Devices^ Badges ^ and War Cries. 8vo, i/. \s. 



The China Collector's Pocket Companion, With up- 
wards of looo Illustrations of Marks and Monograms. 2nd Edition, 
with Additions. Small post 8vo, limp cloth, 5^'. 

PerseuSy the Gorgon Slayer, Numerous coloured Plates, square 
8vo, 5^. 

Pharmacopoeia of the United States of America, 8vo, 21J. 

Photography (History and Handbook of). See Tissandier. 

Pinto (Major Serpd) How I Crossed Africa : from the Atlantic 
to the Indian Ocean, Through Unknown Countries ; Discovery of the 
Great Zambesi Affluents, &c.— Vol. I., The King's Rifle. VoL II., 
The Coillard Family. With 24 full-page and 118 half-page and 
smaller Illustrations, 13 small Maps, and i large one. 2 vols., demy 
8vo, cloth extra, 42^. 

Pocock, See Arnold (G. M.). 

Poe (E. A,) The Raven, Illustrated by Gustave Dor£ 

Imperial folio, cloth, 63^. 

Poems of the Inner Life, Chiefly from Modem Authors. 
Small 8vo, 51. 

Polar Expeditions, See Koldewey, Markham, MacGahan, 
Nares, Nordenskiold, Gilder, McCormick. 

Politics and Life in Mars, 121110, 2s, 6d, 

Powell (W,) Wanderings in a Wild Country ; or, Three Years 
among the Cannibals of New Britain. Demy 8vo, Map and numerous 
Illustratioas, i8j'. 

Prisons, Her Majesty's, their Effects and Defects, New and 
cheaper Edition, 6j. 

Poynter {Edward J,, R.A,). See " Illustrated Text-books." 

Publisher^ Circular {The), and General Record of British and 
Foreign Literature. Published on the 1st and 15th of every Month, yt 
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f?AE {W, Fraser) From Newfoundland to Manitoba; a 
•^ ^ Guide through Canada's Maritime, Mining, and Prairie Provinces. 
AVith Maps. Crown 8vo, dr. 

Rambaud {A.) History of Russia, 2 vols , 8vo, 36X. 

Reber{F,') History of Ancient Art, 8vo, i8j. 

Redford (G) Ancient Sculpture, Crown 8vo, $s, 

Reid (T, IV,) Land of the Bey. Post 8vo, los. 6d. 

Rcvmsat {Madame de\ Memoirs of 1802 — 1808. By her Grand- 
son, M. Paul de Remusat, Senator. Translated by Mrs. Cashel 
HoEY and Mr. John Lillie. 4th Edition, cloth extra. 2 vols., 
8vo, 32J. 

Selection from the Letters of Madame de Remusat to her 

Husband and Son, from 1804 to 1813. From the French, by Mrs. 
Cashel Hoey and Mr. John Lillie. In i vol., demy 8vo (uniform 
with the ''Memoirs of Madame de Remusat/' 2 vols.), cloth extra, i6j. 

Richter (Dr, Jean Paul) Italian Art in the National Gallery. 
4to. Illustrated. Cloth gilt, 2/. 2s.\ half-morocco, uncut, 2/. 12s, dd. 



See also Leonardo da Vincl 



Robin Hood; Merry Adventures of Written and illustrated 
by Howard Pyle. Imperial 8vo, cloth. [In the press, 

Robinson {Phil) In my Indian Garden, With a Preface by 
Edwin Arnold, M.A., C.S.I., &c Crown 8vo, limp cloth, 4th 
Edition, 3^. 6d, 

Noah's Ark, A Contribution to the Study of Unnatural 



History. Small post 8vo, 12s, 6d, 

Sinners and Saints : a Tour across the United States of 



America, and Round them. Crown 8vo, lox. td, 

Under the Punkah, Crown 8vo, limp cloth, 51. 



Robinson (Sergeant) Wealth and its Sources, Stray Thoughts* $s* 
Roland; the Story of Crown 8vo, illustrated, 6s. 

Romantic Stories of the Legal Profession. Crown 8vo, doth, 
^s,6d. 

Rose (^.) Complete Practical Machinist. New Edition^ i2mo, 

I2s, 6d. 
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Rose Library (The). Popular Literature of all Countries. Each 

volume, IX. ; doth, 2x. €d. Many of the Volumes are Illustrated — 

liittle Women. By Louisa M. Alcott. Dble. vol, 2f . 
I«ittle Women Wedded. Forming a Sequel to *' Little Women.'* 
liittle Women and I«ittle Women Wedded, i vol , cloth gilt, jx. dc/l 
liittle Ken. By L M. Alcott. 2x.; cloth gilt, 3^. 6</. 
An Old-Faahioned OirL By Louisa M. Alcott. 2f.; cloth. 

Work. A Story of Experience. By L. M. Alcott. 2 vols., i j. each. 

Stowe (Krs. H. B.) The Pearl of Orr's Island. 

— ^ The Kini8ter*8 Wooing. 

^-^^ We and onr Neighbours. 7s, ; cloth, ^r. 6</. 

My Wife and I. 7s, ; cloth gilt, 3^. 6</. 

Hans Brinker ; or, the Silver Skates, ^^j Mrs. DoDGK. 
Xy Study Windows. By J. R. Lowell. 
The Guardian An^eL By Oliver Wendell Holmes. 
Ify Summer in a Garden. By C. D. Warner. 
Dred. Mrs. Beecher Stowe. 2j. ; cloth gilt, ^r. 6^ 
Parm Ballads. By Will Carleton. 
Parm Festivals. By Will Carleton. 
Parm Iiesends. By Will Carleton. 
The Clients of Dr. Bema^us. 2 parts, ix. each. 
Tke Undiscovered Country. By W. D. Howells. 
Baby Bue. By C. M. Clay. 

The Bose in Bloom. By L. M. Alcott. 2j. ; cloth gilt, 3J. ^xL 
Biffht Cousins. By L. M. Alcott. 2x. ; cloth gilt, 3^. 6</. 
Under the I«ilacs. By L. M. Alcott. 2s. ; also 3^. 6c/. 
Silver Pitchers. By Louisa M. Alcott. 

Jimmy's Cruise in the "Pinafore," and other Tales. By 
Louisa M. Alcott. 2j.; cloth gilt, 3^. 6</. 

Jack and JiU. By Louisa M. Alcott. zr. 

Hitherto. By the Author of the " Gayworthys." 2 vols., ix.each; 
1 vol., cloth gilt, 3j. 6</. 

Friends : a Duet. By E. Stuart Phelps. 

A (ientleman of LeisTire. A Novel. By Edgar Fawcbtt. 

The Story of Helen Troy. 

Round the Yule Log: Norwegian Folk and Fairy Tales. 
Translated from the Norwegian of P. Chr. Asbjornsen. With 100 
Illustrations after drawings by Norwegian Artists, and an Introduction 
by £. W. Gosse. Imperial i6mo, cloth extra, gilt edges, ^s, 6d, 
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Rousselet (Louis) Son of the Constable of France, Small post 
8vo, numerous Illustrations, 5^. 



— The Drummer Boy: a Story of the Days of JVashingtofi. 
Small post 8vo, numerous Illustrations, 5x. 

Russell ( W. Clark) The Lady Maud, 3 vols., crown 8vo, 
3 1 J. (id. New Edition, small post 8vo, 6j. 

— — Little Loo, 6s. 



My Watch Below ; or^ Yams Spun when off Duty. 

2nd Edition, crown 8vo, 2s, 6d, 

— — Sailor^ s Language, Illustrated. Crown 8vo, 31. 6^. 

Sea Queen, 3 vols., crown 8vo, 31J. Gd, 

— ^ Wreck of the Grosvenor, 4to, sewed, 6d, 
— • See also Low's Standard Novels. 



Russell (W, H.y LL,D,) Hesperothen: Notes from the Western 
World. A Record of a Ramble through part of the United States, 
Canada, and the Far West, in the Spring and Summer of 1881. By 
W. H. Russell, LL.D. 2 vols., crown 8vo, cloth, 2\s, 

The Tour of the Prince of Wales in India, By 



W. H. Russell, LL.D. Fully Illustrated by Sydney P. Hall, 
M.A. Super- royal 8vo, cloth extra, gilt edges, 52J. 6</.; Large 
Paper Edition, 84J. 



QAINTS and their Symbols : A Companion in the Churches 
*^ and Picture Galleries of Europe. With Illustrations. Royal i6roo, 
cloth extra, 31. 6J, 

Scherr (Prof J^J) History of English Literature. Translated 
from the German. Crown 8vo, 8r. 6d. 

Schuyler (^Eugene), The Life of Peter the Great, By Eugene 
Schuyler, Author of "Turkestan." 2 vols., 8vo. 

Schweinfurth (Georg) Heart of Africa, Three Years* Travek 

and Adventures in the Unexplored Regions of Central Africa, from 
1868 to 1 87 1. With Illustrations and large Map. 2 vols., crown 8vo^ 
1 5 J. 

Scott (Leader) Renaissance of Art in Italy, 4to, 31X. 6 A 
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Sed^ick {Major IV,) Light the Dominant Force of the Universe. 
is, 6t/. 

Senior {Nassau IV,) Conversations and yournals in Egypt and 
Malta. 2 Tok., 8vo, 24/. 

SJiadbolt (S, If.) South African Campaign^ 1879. Compiled 

by J. ?. MACKINNON (formerly 72nd Highlanders) and S. H. 
Shadbolt; and dedicated, by permission, to Field-Marshal H.R.H. 
the Duke of Cambridge. Containing a portrait and biography of 
every officer killed in the campaign. 410, handsomely bound in cloth 
extra, 2/. ioj. 

The Afglian Campaigns of 1878 — 1880. By Sydney 



Shadbolt, Joint Author of "The South African Campaign of 1879. 
2 vols., royal quarto, cloth extra, 3/. 

Shakespeare, Edited by R. Grant White. 3 vols., crown 

8vo, gilt top, sdf.; Mition de luxe^ 6 vols., 8vo, cloth extra, 63*. 



See also " Flowers of Shakespeare." 



Sidney {Sir P.) Arcadia, New Edition, 6s. 

Siegfried : The Story of. Crown 8vo, illustrated, cloth, 6s, 

Sikes ( Wirt), Rambles and Studies in Old South Wales. With 
numerous Illustrations. Demy 8vo, i8j. 

■ British Goblins^ Welsh Folk Lore, New Edition, 8vo, 

i&r. 

Studies of Assassination, i6mo, 35. 6d. 



Sir Foger de Coverley. Re-imprinted from the "Spectator." 
With 125 Woodcuts, and steel Frontispiece specially designed and 
engraved for the Work. Small fcap. 4to, dr. 

Smith {G,) Assyrian Explorations and Discoveries, By the late 
George Smith. Illustrated by Photographs and Woodcuts. Demy 
8vo, 6th Edition, i8j. 

The Chaldean Account of Genesis, By the late G. 

Smith, of the Department of Oriental Antiquities, British Museum. 
With many Illustrations. Demy Svo, cloth extra, 6th Edition, i6j-. 
An entirely New Edition, completely revised and re-written by the 
Rev. Professor Sayce, Queen's College, Oxford. Demy 8vo, lis. 

Smith {/. Moyr) Ancient Greek Female Costume, 112 full- 
page Plates and other Illustrations. Crown 8vo, *is, 6d, 

Hades of Ardenne : a Visit to the Caves of Han. Crown 



Sto, Illustrated, 5x. 
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Smith {T. Roger) Architecture, Gothic and Renaissance, Il- 
lustrated, crown 8vo, 5^. 



Classic and Early Christian. 



Illustrated. Crown 8vo, $s. 
South Kensington Museum. Vol. II., 21s. 

Spanish and French Artists. By Gerard Smith. (Poynter's 

Art Text-books.) 51. [In the press. 

Spry ( W. /. /., R.N) The Cruise of H.M.S. *' Challenger:' 

With Route Map and many Illustrations. 6th Edition, demySvo, cloth, 
i8j. Cheap Edition, crown 8vo, with some of the Illustrations, 7^. dd. 

Stack (E.) Six Months in Persia. 2 vols., crown 8vo, 24s. 

Stanley {If. M.) How I Found Livingstone. Crown 8vo, cloth 
extra, 7^. 6d, ; large Paper Edition, lOf. 6d, 

^^ My Kalulu^* Prince, King, and Slave. A Story 

from Central Africa. Crown 8vo, about 430 pp., with numerous graphic 
Illustrations after Original Designs by the Author. Cloth, 7^. dd. 

Coomassie and Magdala. A Story of Two British 



Campaigns in Africa. Demy 8vo, with Maps and Illustrations, idr. 

Through the Dark Continent. Cheaper Edition, 



crown 8vo, \25. 6d. 

Stenhouse {Mrs.) An Englishwoman in Utah. Crown 8vo, 2s. 6d. 

Stoker {Bram) Under the Sunset. Crown 8vo, 6s. 

Story without an End. From the German of Carovd, \r; *hc late 
Mrs. Sarah T. Austin. Crown 4to, with 15 Exquisite Dia'viings 
by E. V. B., printed in Colours in Fac-simile of the original Wi^' u 
Colours ; and numerous other Illustrations. New Edition, 7^. (>d. 

square 4to, with Illustrations by Harvey. 2s. 6d. 

Stowe {Mrs. Beecher) Dred, Cheap Edition, boards, 2s. Cloth, 
gilt edges, 3J. 6</. 

Footsteps of the Master. With Illustrations and red 

borders. Small post 8vo, cloth extra, dr. 

Geography, With 60 Illustrations. Square cloth. 



4r. dd. 

Little Foxes. Cheap Edition, is.\ Library Edition 



4r. (}d. 

Betty's Bright Idea. is. 
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Sinx (IT/T. Beeder) My Wife and I; or, Harry Hcnderunis 
Wsarf^ Small post 8«q^ doeh eztn, 6f.^ 

MzMisUrs Wcoing, 51.; Copjiight Series, ix. 6^; cL, 2J.* 

^Jl/ 72«Ti /Wt dx.; Cheap Edition, 2X. d^/. 

*^— ^ OH Town Fireside Stories, Qoth extra, jx. 6^. 

Our Folks at PoffOMMtc. dt 



Jf > tf«^ ^wr Neighbours, i voL, small post 8vo, 6i. 



-ael to - My Wife aiid L"* 
IHnk a^.d White Tyranny. Small post 8vo, jx. 6^. 



Qieap F^ffiTJ-p, Lr. d^ and 7s. 

Pk*gaM3i£ People: their Zjrves and Lives. Crown 8vo, 



Queer Little People, ix. ; doth, 2 j. 

Ckimtmey Comer, is. ; doth, ix. &d. 

Tie Pearl of On^s Island. Crown Svo, 5x.* 

Woman in Sacred History. Illustrated with 15 



Oi iii> Tr^Mn; i^J s and about 200 pages of Letterpress. Demy 
4:rcL ciack exua, gCi edges, 25J. 

&;J2r:«« (.^. J/:, iiiiSf MP.) NuUheU History of Ireland. 
FracB i^ Far, irsr Ages to the Present Time. Paper boards, 6^. 



n^ACCHI (A.^ Madagascar and the Malagasy Embassy. 

Tai%e {H A.) *^Les Origines de la France Contemporaine^ 
Tixssl&:^ed by John DutAXD. 

Vol I. The Ancient Berime. Demy Svo, cloth, i6x. 
VoL 2. The French Bevolntion. Vol. i . do. 
VoL > Do. do. Vol. 2. do. 

Talhtt {Jlon. E^ A Letter on Emigration, is. 

TwrxrifiirV Ev^^k ESifLyns of German Authors. Each 
vvC=:=». cloth 5exibie, i.-. ; or sewed, is. 6d. (Catalogues post free 

I^mrkwS^ (BJ) German and English Dictionary, Paper, ix. 6d.; 
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Tauchnitz (B.) French and English Dictionary. Paper, ix. td, ; 
doth, 7J,\ roan, zr. (id. 



Italian and English Dictionary. Paper, u. (id,\ cloth, 



2^. ; roan, 2s, (>d. 



-^— Spanish and English. Paper, is, 6d. ; cloth, 2s. ; roan, 
2s. (>d. 

Taylor {W. M.) Paul the Missionary. Crown 8vo, TS. 6d. 

TJiausing {Prof.) Preparation of Malt and the Fabrication of 
Beer. 8vo, 45J. 

TJieakston (^Michael) British Angling Flies. Illustrated. Cr. 
8vo, 5J. 

Thoreau. By Sanborn. (American Men of Letters.) Crown 
8vo, 2j. 6^. 

Thousand Years Hence {A). By Nunsowe Greene. Crown 
8vo, 6j. 

Tolhausen {Alexandre) Grand Supplement du Dictionnaire 
Technologique. 3^. (xi. 

Tolmer {Alexander) Reminiscences of an Adventurous and Che- 

quered Career. 2 vols , 2IJ. 

Trials. See Browne. 

Tristram {Rev. Canon) Pathways of Palestine : A Descriptive 
Tour through the Holy Land. First Series. Illustrated by 44 Per- 
manent Photographs. 2 vols., folio, cloth extra, gilt edges, 3if. (ni. 
each. 

Tucker man {Bayard) History of English Prose and Fiction. 
8f. dd, 

Tunis. See Reid. 

Turner {Edward) Studies in Russian Literature. Crown 8vo, 
8j. 6d. 



T TNI ON Jack {The). Every Boy's Paper. Edited by G. A. 

^ Henty. Profusely Illustrated with Coloured and other Plates. 
Vol. I., 6j. Vols. II., III., IV., ^s. 6d. each. 

Up Stream : A Journey from the Present to the Past. Pictures 
and Words by R. Andr£. Coloured Plates, 4to, 5/. 



BOOKS BYJULES VERNE. 

lELEBRATED TRAVELS and TRAVELLERS. 3 Vci«., Dem 

8ro, 600 pp., npwarda of 100 fall-page lUuBtrationB, 12>. 04 
gilt edges, 14i. each : — 

/. The Exploration of the World. 
II, The Great Navigators of the Eighteenth Century. 
III. The Great Explorers of the Nineteenth Century. 






LoCth 



1 BOdPriM* 



oe TWBNTT THOUSAND LEAQUES UNDER THE SEA. 

ae HSCTOB SERTADAO. 

a e THE FUH COUNTRY. 

0/ FROM THE EARTH TO THE UOON, AND A TBIP 

SOUND IT. 
at MICHAEL STROGOFF, THE COURIER OF THE C2A&. 
a e DICK BANDS, THE BOY CAPTAIN. 
bed FIVE WEEKS IN A BALLOON. 
bod ADVENTURES OF THREE ENOLISHMEN AND TKBBB 

RUSSIANS. 
bed AROUND THE WORLD IN BIOHTT DAYS. 
, IrfA FLOATIMG CITY. 

tilTHE BLOCKADE RUNNEB3. 
jjIDB. CX'3 EXPERIMENT. 
, [ Imaster ZACHARIUS. 
1 J r A DRAMA IN THE AIR. 
l \A ■WINTER AMID THE ICE. 
, (liTHE SURVIVORS OP THE ■' CHANOELLOB." 
"' WMAKTIN PAZ. 
bed THE CHILD OF THE CAVERN. 

THE MYSTERIOUS ISLAND, 3 Vols. : — 
bed I. DROPPED FROM THE CLOUDS. 
bed II. ABANDONED. 
bad III. SECRET OF THE ISLAND. 
, (dTHE BEGUM'S FORTUNE. 
"'X THE MUTINEERS OF THE "BOUNTY." 
bed THE TRIBULATIONS OF A CHINAMAN. 
THE STEAM HOUSE, 2 Vols. :— 
be 1. DEMON OF CAWNPOBB. 
b c II. TIOEE3 AND TRAITORS. 

THE GIANT RAFT, 2 VoIb. :— 
b I. EIGHT EUNDBED LEAGUES OS THE AMAZON. 
J II. THE OEYPTOQBAM. 
b GODFREY MORGAN. 

THE OBEEN RAY. Clotli, gilt edges, 6*. ; plain edges, 51. 
a SnjBll Sro, very nnmBrouB niaetratioiia, handaomelj bound in cloih, with jjijt 
odi^EiH, 10*. M. 1 ditto, plejner ■ ' ■■" 



witb ailledces, 7i. 61 
t Ditto, plainor bii 
d ChespeT Edttios 



la nLnatratiaii 



L, {BperbolrdB.wlthBDtaiof tbelUoatratLooi, Ifc ; boniji] 



id in Dlctb, gilt edsM. 1 Tot., 



eioept in cIoUi, 1 Tolii., gilt edgci, 1>. 11 
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J/ELAZQUEZ and Murillo. By C. B. Curtis. With 

^ Original Etchings. Royal 8vo, 31X. 6^.; large paper, 631. 

Victoria {Queen) Life of By Grace Greenwood. With 

numerous Illustrations. Small post 8vo, 6x. 

Vincent (i^) Norsk, Lapp, and Finn, By Frank Vincent, 

Jun.; Author of "The Land of the White Elephant/* "Through 
and Through the Tropics," &c. 8vo, cloth, wim Frontispiece and 
Map, I2J. 

Viollet'le-Duc (E.) Lectures on Architecture. Translated by 
Benjamin Bucknall, Architect. With 33 Steel Plates and 200 
Wood Engravings. Super-royal 8vo, leather back, gilt top, with 
complete Index, 2 vols., 3/. 31. 

Vivian (A, F,) Wanderings in the Western Land. 3rd Edition, 

lor. 6d. 
Voyages, See McCormick. 

JJ^ALLACE (Z.) Ben Hur: A Tale of the Christ. Crown 

Waller {Rev. C. If.) Tlu Names on the Gates of Fearl, 
and other Studies. By the Rev. C. H. Waller, M.A. New 
Edition. Crown 8vo, cloth extra, 31. td. 

" A Grammar and Analytical Vocabulary of the Words in 

the Greek Testament Compiled from Bhider's Concordance. For 
the use of Divinity Students and Greek Testament Classes. By the 
Rev. C. H. Waller, M. A. Part I. The Gnunmar. Small post 8vo, 
cloth, 2s. 6d, Part II. The Vocabulary, 2s, td. 

Adoption and the Covenant, Some Thoughts on 



ConHrmation. Super-royal i6mo, cloth limp, 2s, 6d, 

Silver Sockets ; and other Shadows of Redemption. 

Eighteen Sermons preached in Christ Church, Hampstead. Small 
post 8vo, cloth, ds. 

Warner {CD,) Back-log Studies. Boards, is. 6d. ; cloth, 2s. 

Washington Irving' s Little Britain. Square crown 8vo, 6s. 

Webster. (American Men of Letters.) iSmo, 2s. 6d. 

Weismann {A.) Studies in the Theory of Descent. One of the 
most complete of recent contributions to the Theory of Evolution. 
With a Preface by the late Charles Darwin» F.R.S.» and numerous 
Coloured Plates. 2 vols., 8vo, 40;. 

Wheatley {H. B) and Delamotte {F. H.) Art Work in Force- 
lain. Large 8vo, 2s. 6d. 

— — Art Work in Gold and Silver. Modem. Large 8vo, 

2s. 6d. 
White {Rhoda E.) From Infancy to Womanhood. A Book of 

Instruction for Young Mothers. Crown Syo, doth, lox. 6d, 



32 Sampson Law, Marston, ^ CoJs List of Publicattans. 
White (R. G.) England Without and Within. New Edition, 

crown 8vo, ioj. 6d, 
Whittier (J, G,) The Kin^s Missive^ and later Poems. i8mo, 
choice parchment cover, 3^". dd. 

The Whittier Birthday Booh Extracts from the 

Author's writings, with Portrait and numerous Illustrations. Uniform 
with the "Emerson Birthday Book." Square i6mo, very choice 
binding, y, 6d. 

Life of. By R. A. Underwood. Cr. 8 vo, cloth, i os. 6d. 



Wild Flowers of Switzerland. With Coloured Plates, life-size, 
from living Plants, and Botanical Descriptions of each Example. 
Imperial 4to, 521. 6d. 

Williams (C F.) The Tariff Laws of the United States. 8vo, 

cloth, los. 6d. 
Williams {If, W.) Diseases of the Eye, 8vo, 21J. 

Williams (M,) Some London Theatres: Past and Preesnt. 
Crown 8vo, is, 6d. 

Wills ^ A Few Hints on Proving, without Professional Assistance. 
By a Probate Court Official. 5th Edition, revised, with Forms 
of Wills, Residuary Accounts, &c. Fcap. 8vo, cloth limp, is. 

Winckelmann {John) History of Ancient Art. Translated by 
John Lodge, M.D. With very numerous Plates and Illustrations. 
2 vols., 8vo, 36J. 

Winks {W. E.) Lives of Illustrious Shoemakers. With eight 

Portraits. Crown 8vo, 7^. 6d, 
Woodbury {Geo. E,) History of Wood Engraving. Illustrated, 

8vo, i8j. 
Woolsey {C. D.y LL,D!) Introduction to the Study of Inter^ 

national Law ; designed as an Aid in Teaching and in Historical 

Studies. 5th Edition, demy 8vo, i8j. 

Woolson {Constance F.) See " Low's Standard Novels." 

Wright {the late Rev. Henry) The Friendship of God. With 
Biographical Preface by the Rev. E. H. Bickersteth, Portrait, 
&c. Crown 8vo, dr. 

yrRIARTE {Charles) Florence: its History. Translated by 
•^ C. B. Pitman. Illustrated with 500 Engravings. Large imperial 

4to, extra binding, gilt edges, 63^. 

History ; the Medici ; the Humanists ; letters ; arts ; the Renaissance ; 

illustrious Florentines; Etruscan art; monuments; sculpture; painting, 

lLonKon: 

SAMPSON LOW, MARSTON, SEARLE, & RIVINGTON, 
CROWN BUILDINGS, x88, FLEET STREET, E.C. 



